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A FAST AND EXHAUSTIVE METHOD FOR SELECITNGAPREY 
POLYPEPTIDE INTERACTING WITH A BAIT POLYPEPTIDE OF 
INT^ST^PIICATION TO THE CONSTRUCTION OF MAPS OF 

INTERACTORS POLYPEPTIDES 

The present invention is directed to a method for selecting a prey polypeptide that 
is able to interact with a bait polypeptide of interest, to a prey polynucleotide encoding 
the prey polypeptide as well as to the prey polypeptide itself. The invention also concerns 
plasmids used for performing the method of the invention as well as prokaryotic or 
eukaryotic recombinant host organisms containing such plasmids and also a collection of 
said recombinant host organisms consisting in a DNA library, such as a collecUon of 
recombinant haploid Saccharomyces cerevisiae. Finally, the invention is also directed to a 
technical medium containing the whole information concerning the interactions between 
metabolically related bait and prey polypeptides and/or polynucleotides coding for bait 
and prey polypeptides. 

BACKGROUND OF THE INVENTION 

Most biological processes involve specific protein-protein interactions. General 
methodologies to identify interacting proteins or to study these interactions have been 
extensively developed. Among them, the yeast two-hybrid system currently represents the 
mos t powerful in vivo approach to screen for polypeptides that could bind to a given 
target protein. Originally developed by Fields and coworkers [(Fields et al., 1989; Chien 
et al 1991) Two United States Patents No. 5,283,173 granted on February 1, 1994 
(Fields S & Song, O.) and No. 5,468,614 granted on November 21,1995 (Fields, S. & 
Song, O ) herein incorporated by reference], the two-hybrid system utilizes hybrid genes 
to detect protein-protein interactions by means of direct activation of a reporter-gene 
expression (Allen et al., 1995; Transy et al., 1995). In essence, the two putative protein 
partners are genetically fused to the DNA-binding domain of a transcription factor and to 
a transcriptional activation domain, respectively. A productive interaction between the 
two proteins of interest will bring the transcriptional activation domain in the proxunity of 
the DNA-binding domain and will trigger directly the transcription of an adjacent reporter 
gene (usually lacZ or a nutritional marker) giving a screenable phenotype. The 
transcription can be activated through the use of two functional domains of a 
transcription factor: a domain that recognizes and binds to a specific she on the DNA and 
a domain that is necessary for activation, as reported by Keegan et al. (1986) and Ma et 
al. (1987). 
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Recently, Rossi et al. (1997) described a different approach, a mammalian "two- 
hybrid" system, which uses p-galactosidase complementation (Ullmann et al., 1968) to 
monitor protein- protein interactions in intact eukaiyotic cells. 

The number of genome sequences of prokaryotic as well as eukaryotic host 
organisms available is increasing exponentially and there is a great need for new tools 
directed to the functional and global study of these newly characterized complete or 
partial genomes. As an illustrative example, the genome of the yeast Saccharomyces 
cerevisiae is now completely sequenced (Goffeau et al., 1996). Despite the tremendous 
and successful genetic work in past years, 60% of yeast genes have no assigned function 
and half of those encode putative proteins without any homology with known proteins 
(Duion, 1996). In yeast, genetic analyses, such as suppressor or synthetic lethal screens, 
have suggested many functional links between gene products, some of which have later 
been confirmed by biochemical means. All together, these approaches have led to a rather 
extensive knowledge of defined biochemical pathways. However, the integration of these 
pathways in the complexity of a living cell remains to be accomplished. To explore the 
integrative functions and find the molecular factors sustaining them, some authors have 
attempted to design new screens. However, these screens are usually very specific and 
cannot apply directly to many different cellular functions. In addition, few yeast genes are 
essential, leading to an additional difficulty for genetic screens. Other approaches 
developed by cellular biologists seek to precisely localize proteins within the cell. The 
assumption is that colocalization of factors is indicative of functional interactions. This 
approach has been very successful, despite the fact that it is usually very elaborate and is 
rarely considered practicable for a systematic approach (Burns et al., 1994). 

Bartel et al. (1996) extended the approach of the typical two-hybrid system 
consisting in a known protein that forms a part of a DNA-binding domain hybrid, assayed 
against a library of all possible proteins present as transcriptional activation domain 
hybrids, using the genome of bacteriophage T7, such that a second library of all possible 
proteins fused to the DNA-binding domain to be analyzed. This genome-wide approach 
to the two-hybrid searches has identified 25 interactions among the proteins of T7. 

However, the currently available two-hybrid methodology is not suitable for a 
large scale project without specific methodological improvements. Although the two- 
hybrid strategy has been a major tool in proving protein. protein interactions between 
factors known to be functionally related (Fields and Song, 1989), its use for exhaustive 
and reliable search for unknown partners of a given protein is more problematic. Thus, in 
most cases, the two-hybrid screen constitutes an initial screen in which many different 
interactions are found. Among the identified candidates, only some of them are favored 
due to their appealing sequence. Subsequent functional assays are required for 
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establishing their possible biological significance. For these reasons, the two-hybrid 
methodology has been considered a difficult, if not misleading experimental approach for 

screening. .... 

Finley et al. (1994) or Bendixen et al. (1994) have described two-hybnd systems 

including a step of mating yeast cell colonies by replica-plating diploids, that is to say by 

mating colonies of yeast cells. Finley et al. (1994) have, in a first step, selected specific 

inserts of a DNA library using, as selection criteria, the probability for a specific insert 

contained in the library to comprise a large coding region of an ORF or to contain a 

coding region associated with a specific biological function. For example, Finley et al. 

(1994) have made a collection of strains, each of which expressed a different bait (in fact 

two cyclin dependent kinases [Cdks], namely DmCdc2 and DmCdc2c), and mated them, 

by replica-plating, with test strains that contained different activation-tagged Cdis 

(Cychn-dependent kinase interactors). Then, each of the selected baits was used as a bait 

in order to screen the prey Cdis of the DNA library. Examination of the resulting 

interaction matrices showed that each Cdi (preys) associates specifically with a distinct 

spectrum of Cdks (baits). 

Despite the fact that these authors state that their results suggest a number of 
applications of their method to genetic characterization of larger sets of proteins, it must 
be pointed out that these screening experiments of prior art lead to the constitution of 
interactor polypeptide matrices restricted, as the numerous two-hybrid systems of prior 
art, by the initial choice of the potentially interesting polynucleotide inserts initially 
identified and/or initially selected in the DNA library. 

Moreover, the replica-plating step that makes use of yeast cell colonies does not 
allow the mating of numerous different recombinant yeast cell colonies in a single culture 
dish, thus rendering very fastidious, or even materially impossible the study of potential 
interactions between a given bait polypeptide and a wide collection of prey polypeptides, 
such as a collection of prey polypeptides encoded by polynucleotides originating from the 
whole genome of an organism such as a bacterial, viral or yeast organism. 

SUMMARY OF THE INVENTION 

The aim of the present invention is to provide a new method for selecting a 
polynucleotide encoding a prey polypeptide in a two-hybrid screening system, said 
method making use of mating recombinant haploid yeast cells instead of recombinant 
yeast cell colonies, said method providing significant advantages over prior art. 

Thus, the present invention provides a method for selecting a polynucleotide 
encoding a prey polypeptide, said prey polypeptide being able to interact with a bait 
polypeptide, comprising the steps of : 
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a) subjecting a bait polynucleotide encoding the bait polypeptide, to a two-hybrid 
screening method, wherein said two-hybrid screening method comprises a step of mating 
at least one first haploid recombinant yeast cell containing the prey polynucleotide to be 
assayed with a second haploid recombinant yeast cell containing the bait polynucleotide, 
provided that one haploid yeast cell among the first recombinant yeast cell or the second 
recombinant yeast cell also contains at least one detectable gene that is activated by a 
polypeptide including a transcriptional activation domain; 

b) selecting the recombinant diploid yeast cell obtained at step a) for which the 
detectable gene has been expressed to a degree greater than expression in the absence of 
interaction between the bait polypeptide and the prey polypeptide; 

c) optionally characterizing the prey polynucleotide contained in each diploid 

yeast cell selected at step b). 

By a bait polynucleotide according to the present invention, it is intended a 
chimeric polynucleotide encoding a chimeric polypeptide comprising i) a DNA-binding 
domain that recognizes a binding site on a detectable gene that is contained in a host 
organism and ii) a polypeptide that is to be tested for interaction with at least one prey 
polypeptide. 

By a prey polynucleotide according to the present invention, it is intended a 
chimeric polynucleotide encoding a chimeric polypeptide comprising i) a transcriptional 
activation domain and ii) a polypeptide that is to be tested for interaction with a bait 
polypeptide. 

Among the numerous improvements brought by the method of the invention over 
the existing screening systems, said method : 

i) allows, in a single step, the screening of far more prey polynucleotides with a 
given bait polynucleotide than the prior art systems because the mating is performed 
between haploid yeast cells and not between yeast cells and a yeast cell colony (or 

between yeast colonies); 

ii) as a consequence of i), the method allows the whole screening of a DNA 
library without the need of a first step consisting of selecting the potentially interesting 
polynucleotide inserts contained therein and allows an objective analysis of the potential 

interactor polypeptides; 

iii) because the mating step is performed between haploid recombinant yeast cells 
and not between recombinant yeast cells and a yeast cell colony, and thus because the 
mating step does not take into account the former differential growth properties of 
different recombinant yeast cell colonies, the method of the invention is far more 
exhaustive as well as reproducible than the conventional two-hybrid screening systems. 
Moreover, an efficient mating step of a short duration that is performed between 
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individual recombinant haploid yeast cells have two other advantages, namely a) there is . 
high percentage of recombinant diploid yeast cells and not only several diploid 
recombinant yeast cells dispersed in a single colony and b) the short period of time (less 
than 5 hours) that is necessary for mating the two populations of haploid yeast cells is not 
sufficient for a significant growth of the haploid colonies which have not successfully 
undergone the mating step, nor the doubling of the recombinant diploid yeast cells before 

Pktm8 As another advantageous characteristic of the mating step according to the two- 
hybrid screening method of the invention, the inventors have adjusted the expenmental 
protocol in order to obtain up to a 50% increase in the efficiency of the mating 
procedure, this percentage being expressed as a ratio of diploid cells generated, and not 
as a ratio of recombinant colonies, such as expressed in prior art mating experiments. 

The above-described characteristics of the two-hybrid screening method of the 
invention leads to a nearly perfect standardization of the diploid yeast cell population 
under testing. In other words, the whole characteristics of the DNA library used as 
starting material are perfectly reflected in the resulting recombinant diploid yeast cell 
population after mating. This is why the present two- hybrid screening method ,s of great 
reproducibility, from one screen to another and the interactions identified are thus of a 

high reliability. . . .... 

In a specific embodiment of the method according to the invention, which is a 

further improvement over the prior art methods, the DNA library is presented as a ready- 
to-use biological material consisting in a collection of recombinant haploid yeast cells 
containing the whole inserts generated during the construction of the DNA library under 
the form of prey polynucleotides as defined above, said collection of yeast cells being 
frozen in multiple vials, each vial containing an identical biological material. 

Consequently, one vial is thawed for each screening experiment and is directly 
used in the cell-to-cell mating step, in contrast to prior art methods , for example as 
described by Bendixen et al. (1994), that need a first step of separate culture, in suitable 
selective medium, both of the recombinant yeast cell clones containing the bait 
polynucleotide and of the recombinant yeast cell clones containing the chosen prey 
polynucleotides, then a second step of clone-to-clone replica-plating which is also 
performed in rich culture medium, before another step of clone-to-clone replica-plating 
for selecting the recombinant diploid yeast cells contained in the mated clones m a 

selection culture medium. 

The above described characteristics of this specific embodiment of the screening 
method according to the invention ensures that said method is fast, exhaustive and 
reproducible, in contrast with the prior art techniques. 
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The two-hybrid screening method according to the invention is far more both 
quantitatively and qualitatively reproducible than the prior art methods that include a step 
of transformation of yeast cell with plasmidic DNA, for example, DNA originating from 
inserts contained in a DNA library prepared in E. coli. 

Indeed, a primary DNA library in E. coli only allows a reduced number of 
successive screenings without the need of a further culture of the E, coli clones in order 
to make more starting DNA material available. In these circumstances, the further 
culture of the recombinant E. coli clones of the DNA library necessarily introduce 
discrepancies in terms of the representativity of the different inserts initially contained in 
the DNA library, as the different clones may have various growth rates. 

In contrast, the method according to the invention allows in a single step the 
preparation of a high quantity of starting DNA material under the form of recombinant 
haploid yeast cells, said starting material being subsequently stored in a high number of 
identical vials, thus ensuring that each processing of the method use strictly identical 
starting material representing the whole DNA library initially prepared. 

The great reproducibility and exhaustivity of the above-described method allows 
the one skilled in the art to reiterate said method using each of the prey polynucleotide 
selected at step b) as a bait in order to identify and characterize polynucleotides that are 
systematically selected as coding for interactor polypeptides of biological significance. 

The successive reiterations of the screening allow the one skilled in the art to 
identify important interactions between polypeptides encoded by diverse polynucleotide 
inserts contained in the initial DNA library, which interactions are of statistical and 
biological significance. Three reiterations of steps a) to c) of the method according to the 
invention allow the one skilled in the art to determine which polynucleotide inserts of the 
initial DNA library are systematically selected for interaction with an initial bait 
polypeptide and/or another polynucleotide insert of the initial DNA library and thus 
which is statistically of great metabolical and/or physiological interest. 

Consequently, a specific embodiment of the method according to the invention 
comprises repeating at least once steps a) to c) using, for performing each reiteration, at 
least one previously selected and/or characterized prey polynucleotide as the bait 
polynucleotide. 

The number of repeats of steps a) to c) is no more than 10, preferably no more 
than 5 and in a most preferred embodiment the number of reiterations of steps a) to c) is 

3. 

In a preferred embodiment of the method of the invention in which steps a) to c) 
are reiterated, the bait polynucleotide used that corresponds to a selected prey belongs to 
the following group of polynucleotide consisting in : 
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a) a polynucleotide that is identical to said selected prey polynucleotide; 

b) a polynucleotide containing the complete ORF including said selected prey 

polynucleotide; 

c) a polynucleotide which is any polynucleotide fragment comprised in the complete ORF 
including said selected prey polynucleotide. 

A polynucleotide fragment of a complete ORF may be obtained either by 
digestion with a restriction endonuclease, as described in Sambrook et al., or by digestion 
with an exonuclease such as Ball, or also by DNA synthesis, such as described by 
Sonveaux et al. (1986), Hsiung et al. (1980), Froehler et al. (1986), Alvarado-Urbma 
(1986), Crea et al. (1978) or also Urdea et al. (1983) or by PCR as described in the 
Examples. 

Using as the bait polynucleotide, a complete ORF corresponding to a given prey 
selected at a 'given round, for example first round, of the method of the invention, for 
performing the next round allows the one skilled in the art to select exhaustively all the 
potential polypeptides that are able to interact with the translation product of said 
complete ORF bait polynucleotide. Consequently, all the possible polypeptides interacting 
with any peptide domain of the polypeptide encoded by the complete ORF including the 

previously selected prey are identified. 

Preferably the first screening using the method according to the invention will 
comprise a limited number of screenings with a limited number of bait polynucleotides, 
usually with bait polynucleotides encoding for bait polypeptides already characterized for 
being involved in a given physiological and/or metabolic pathway, like, for example, pre- 

mRNA splicing. . 

When several, preferably three, reiterations of the method of the invention are 

performed and thus common bait and prey polypeptide are selected, a map of all the 

interactions between these polypeptides may be designed, that take into account of the 

known and/or suspected biological function of each of the polypeptide mteractor 

molecules. Such an interacts map may help the one skilled in the art to decipher a 

whole metabolical and/or physiological pathway that is functionally active within the host 

organism from which the initial DNA library is derived, as it will be seen in the examples 

presented hereunder. 

Another object of the present invention consists in a representative and exhaustive 
genomic DNA library of an prokaryotic or an eukaryotic host organism that is prepared 

according to the invention. . __ TA 

Preferably the method of the invention is performed using, as the genomic DNA 
library starting material, inserts provided by the fragmentation of the genome of a host 
organism that does not contain, and/or contains a small number of, intromc sequences. 
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Preferably, such an exhaustive genomic DNA library is prepared from the 
genomic DNA of a host organism endowed with a compact genome, that is to say a 
genome containing at least 50% of coding sequences, more preferably at least 65% of 
coding sequences and most preferably 75% of coding sequences. Among such an host 
organism having a compact genome as defined herein above may be cited prokaryotic 
organisms like virus and bacteria and also eukaryotic organisms such as yeast. 

A further object of the present invention consists in a representative and 
exhaustive genomic DNA library derived from Saccharomyces cerevisiae, designated as 
the FRYL library, which is used when performing the two-hybrid screening method of the 
invention. 

The invention also concerns an improved recombinant plasmid used to express the 
prey polynucleotides to be selected according to the method of the invention, as well as a 
recombinant host organism containing said plasmid. 

The invention is also directed to a collection of recombinant cell clones consisting 
in a collection of recombinant host organisms as described hereinabove. 

The present invention concerns also a recombinant diploid yeast cell selected by 

the method of the invention. 

Are also part of the invention a polynucleotide that has been selected according to 
the method of the invention, as well as a polypeptide which is encoded by such a 
polynucleotide. 

The invention is further directed to a technical medium containing an interactors 
map representing at least a set of interaction events that have taken place between the 
polypeptides encoded by the polynucleotides selected by the method of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. Classification of preys selected in a two-hybrid screen of a yeast genomic 
library: 

A fragment of a yeast chromosome is represented with a potential in frame non 
sense codon (u) upstream of the initiation codon of a yeast ORF (open box). The putative 
interacting domain is shown (shaded box). Arrows indicate the position, the length and 
the orientation of selected inserts. The categories of preys are defined on the right (see 
text for details). 

Figure 2. A mating strategy for multiple round two-hybrid screens: 

See Experimental procedures for details. 
Figure 3. Western blot analyses of Gal4 fusion proteins used as baits: 

Extracts of CGI 945 cells transformed with the various bait plasmids were 
separated by a 12% SDS-denaturating gel, blotted and analyzed with an anti-Ga!4 DNA 
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binding domain antibody. The expected molecular weight (kD) of the fusion proteins is 
given in brackets. 1: P AS2AA (16); 2: Prp9p (79); 3: Prpllp (46); 4: Prp21p (49); 5: 
Cuslp (66) 6- Yor319w (40); 7: Yjr022w (30); 8: Yer029c (38); 9: Mudlp (50); 10: 
Snplp (50); 11: Mud2p (76); 12: Ylrll6w (69); 13: Yir009w (29); 14: Ylr456w (40); 
15:Smdlp(32); 16: Smd3p (27). 

Figure 4. Distribution profiles of preys found in two-hybrid screens: All preys selected 
with a bait indicated below each bar are represented according to the classification given 
in Figure 1 (see insert; for clarity, A2 and A3 preys are grouped). Subdivisions within a 
category reflect the number of preys falling within the same genomic locus. 
Figures 5A and 5B. Interacting domains defined by ORF fragments selected in two- 
hybrid screens: 

Fig 5A. The position of inserts selected in Mud2p and Ylrll6w screens and covering 
Smy2p (top) and Lpg4p (bottom) sequences are shown. The numbers indicate the amino 
acid residues. Out of frame fusions are labeled with an asterisk with the -1 or the +1 
frameshift indicated. The minimal interacting domain is shaded. 

Fig 5B Inserts covering the Ylrll6w sequence and selected in the Mud2p screen are 
shown The alignment with the human SF1 protein is depicted with the positions of the 
regions of high homology (hatched) and of the KH and KH-associated motifs (in black). 
Figure 6. The family of yeast Sm proteins: Yeast sequences are grouped in sub-families 
and aligned with the respective human homologues. Dashes indicate omitted residues for 
sake of space. Residues that define Sml and Sm2 motifs are indicated by vertical grey 
bars (Hermann et al., 1995). Common residues within a family are shown in reverse print. 
Figure 7. Map of plasmid pAS2AA: The pAS2AA vector was derived from pAS2 
plasmid as follows: the CYH2 gene was deleted by partial EcoRV digestion followed by a 
self-ligation The HA epitope was then deleted by removing the EcoRI-Ndel fragment. 
Figure 8. Map of plasmid pACTHst: pACTII by adding three stop codons before the 
Xhol site of the polylinker. 

Figure 9. A yeast protein interaction map: Labels are given in the insert. Barts are 
boxed in black and white. All ORF preys found in screens are shown and linked to their 
bait by an arrow. Preys of the Al category are boxed in black, and those of the A2 or A3 
categories are boxed in grey. The unknown ORFs (square boxes) are named following 
the official nomenclature and the names of the known genes (rounded boxes) are those 
chosen by the Yeast Proteome Database. Smy2p and Ypll05c are two highly 
homologous proteins. Splicing factors selected as preys are underlined. Preys found in 
several screens are separately boxed except Swilp for which interactions are most 
probably non specific. 
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DETAILED DESCRIPTION OF THE INVENTION 

The inventors have developed new tools and procedures for the two-hybrid 
strategy that allows a highly selective screening of a complete genome, typically a 
compact genome such as the yeast genome, leading to a limited set of proteins potentially 

interacting with a given protein. 

Thus, the present invention is directed to an improved two-hybrid screening 
method comprising steps a) to c) described hereinbefore, and, as a specific embodiment 
of said method, at least one reiteration of steps a) to c) using at least one initial prey 
polynucleotide as the bait polynucleotide. 

In a preferred embodiment of the method according to the invention, the mating 
step between the two categories of recombinant haploid yeast cells, respectively 
containing a given bait polynucleotide or a prey polynucleotide included in a collection of 
prey polynucleotides, is performed on a porous filter, the mean diameter of the pores 
being such that said filter retains the yeast cells. 

The filter may be used as a component of a filter holder in which a yeast cell 
mixture consisting in both a first population of haploid yeast cells containing the bait 
polynucleotide and a second population of haploid yeast cells which is a collection of 
yeast cells, each containing a different prey polynucleotide. In this specific embodiment of 
the method according to the invention, the filter holder is filled with a culture medium 
suspension containing the yeast cell mixture which is passed through the filter in order to 
collect the yeast cell mixture on said filter before placing the filter on a suitable culture 
dish previously coated with a desirable culture medium. 

The filter may also be placed directly on the culture dish previously coated with 
the desirable culture medium. In this case, the yeast cell mixture is added onto the already 
placed filter, in a small volume of culture medium, after that the initial yeast cell mixture 
has been centrifuged and then harvested in said small volume of culture medium, before 
plating, optionally using glass beads, the resulting mixture on a suitable culture dish 
previously coated with a desirable culture medium. 

The mating step designed by the present inventors may be performed in a short 
period of time such that practically no multiplication of recombinant yeast cells in 
presence occur. Typically, the mating step has a duration of less than five hours and is 
preferably performed in a period of time of four hours or even less, provided that this 

period of time is at least three hours. 

As already mentioned, the two-hybrid method of the invention makes use of at 
least one detectable gene, the transcription of which is activated when a prey polypeptide 
and the bait polypeptide produced by the diploid recombinant yeast cells interact, due to 
the triggering of the transcription of said at least one detectable gene when both the 
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DNA-binding domain contained in the bait polypeptide and the transcriptional act.vat.on 
domain contained in one prey polypeptide are in proximity, one to the other. 

By at least one detectable gene according to the invention, it is mtended from one 
to five and preferably two or three detectable genes, the transcription of whch .s 
activated within the recombinant diploid yeast cell when the encoded bait and prey 

polynucleotides are able to interact. 

Introducing a redundancy in the detectable signals produced when the but 
polynucleotide and a particular prey polynucleotide interact allows the one skilled m the 
art to discard the eventual artefacts that correspond to background levels of transcr.pt.on 
of one of the detectable genes used in a given situation and consequently avo.d the 
selection of false positive interaction and then false interactor polypeptides or 

polynucleotide ^ ^ ^ ^ gene is contained by the first recombinant 

haploid yeast cell containing the bait polynucleotide. 

The at least one detectable gene may be contained either in a plasnud of the 
recombinant diploid yeast cell or in its genome. 

As an illustrative embodiment, the at least one detectable gene is located m the 
chromosome of one recombinant haploid yeast cell used according to the method of the 
invention, and preferably the yeast cell containing the bait polynucleotide. 

As another illustrative embodiment, the at least one detectable gene is choosen 
among the group consisting in a nutritional gene or also a gene the expression of wh,ch » 
visualized by colorimetry, such as HIS3,LacZ or both LacZ and HIS3 

The DNA-binding domain of the bait polypeptide and the transactional 
activating domain of the prey polypeptide may be of different kinds. As an illustrative 
embodiment, these can be derived from LexA or also Gal4. 

Moreover the inventors have also modified a prior art plasnud, plasnud pAS2 
(commercialized by Clontech) in order to improve the functional charactenst.es of the 
plasmid containing the bait polynucleotide by deleting two genes: 

i) a first gene initially used as a selection marker, gene CYH2 codmg for the 
cycloheximide resistance and which have been found by the inventors to be of sigmficant 
toxicity for the recombinant host cells bearing it; 

ii) a second gene, gene HA used for detecting the synthes.s of the fus.on 
polypeptides in western blotting experiments (using anti-HA antibodies), the presence of 
which has been found to cause a reduced selectivity. 

The resulting improved plasmid is plasmid P AS2M (See F.g. 7) winch .s 
contained in the E. coli strain that has been deposited at the Collection Nationale de 
Cultures de Microorganismes (C.N.C.M.) on February, XX 1998 under the accession 
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number I-XXXX. Plasmid pAS2AA is also part of the invention, as well as a recombinant 
organism of prokaryotic or eukaryotic origin containing said plasmid. 

Is also part of the present invention the plasmid pACTHst, the restriction map of 

which is presented in Figure 8. 

The invention also consists in a recombinant host organism containing the 

recombinant plasmid pACTIIst. 

Is also part of the present invention a recombinant host organism containing the 

recombinant plasmid pAS2AA. 

More specifically, the following recombinant haploid yeast cells are useful for 
performing the method according to the present invention : 

Y187, (MATa Gal4AGal80A ade2-101 his3 leu2-3,112 trpl-901 ura3-52 
URA3::GALluAS-LacZ met"), 

- CG1945 (MATa Gal4-542 Gal80-538 ade2-101 his3A200 leu2-3,-112 trpl-901 ura3- 
52 lys2-801 URA3::GAIA7n^)-CyCl T ATA-LacZ LYS2::GAL1uas-GAL1 T ata-HIS3 

CYH R ), 

- L40 (MATa ade2 trpl-901 leu2-3,112 lys2-801am his3A200 LYS2::(lexAop)4-HIS3 
URA3::(lexAop)»-lacZ) (Hollenberg et al., 1995), and 

- L40AGAL4 (MTAa ade2 trpl-901 leu2-3,112 lys2-801am his3A200 LYS2::(lexAop,4- 
fflS3 URA3::(lexAop) 8 -LacZ GAL4::KanMX2). 

The L40AGAL4 yeast strain allows the one skilled in the art to select the 
recombinant diploid yeast cells obtained according to the method of the invention both 
with the fflS3 and the LacZ marker genes. The L40AGAL4 strain has been prepared 
according to the teachings of Wach et al. (1994, Yeast, 10:1793-1808). 

Another object of the invention consists in a collection of recombinant cell clones 
from a host organism as described above, each different cell clone containing an inserted 
polynucleotide from a DNA library. Preferred recombinant host organisms are E. coli and 
yeast such as Saccharomyces cerevisiae. 

An important feature of a further specific embodiment of the present invention 
resides in that the initial DNA library which provides the prey polynucleotides is strictly 
representative of the genome from which this DNA library is derived. By strictly 
representative, it is intended that the initial DNA library is composed of a number of 
polynucleotide inserts such that the DNA library i) covers the whole genome of interest 
and ii) the 5' end of the polynucleotide inserts begins every at least four bases interval of 

the genome of interest. 

As a general feature of the method according to the present invention, the prey 
polynucleotides to be selected are provided by a DNA library. Such a DNA library may 
be prepared either from cDNA or also genomic DNA previously fragmented by 
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restriction enzymes or sonication. For the use of restriction enzymes, the one skill in the 
art may refer to the works of Sambrook et al. (1 989). 

In one specific illustration, said DNA library is prepared using, as starting 
material, the mRNA or the genome of a prokaryotic host organism. 

In another specific embodiment of such a DNA library, the startmg matenal ,s the 
mRNA or the genome of a eukaryotic host organism. 

A large and extremely representative genomic DNA library of a prokaryotic or 
eukaryotic organism having a compact genome is prepared by sonication as described » 
the Materials and Methods Section. One particular characteristic of such a DNA library is 
that all the potential interacts naturally encoded by the source organism are 
represented. Another characteristic of said DNA library consists in that no 
misrepresentation (i.e. over- or under-representation) of specific coding sequences are 
observed, as regards to the initial source genome. 

Such a DNA library is prepared by sonication of the source genomic DNA, 
ensuring a random cleavage of the starting DNA material and thus a excellent 
representation of all the possible inserts, in contrast to techniques using restnction 

endonucleases. « r 

In the protocol described, a great care have been taken in performing the steps of 

ligation of the DNA fragments that have been generated by the sonication step. 

As an illustrative embodiment of such an exhaustive and representative DNA 
library used when performing the method according to the invention, the whole genome 
of Sacckaromyces cerevisiae has been randomly fragmented by somcation and the 
resulting DNA fragments have been cloned in order to build a genomic DNA library. Said 
genomic DNA library contains 3.6 x 10< different clones derived from the Saccharoses 
cerevisiae genome that comprises about 15 x 10< nucleotide, In other words the 
Saccharomyces cerevisiae DNA library realized by the inventors contain polynucleotides 
beginning at every four bases interval of the initial genome. 

As an illustration of the present invention, when applied to an exhaustive and 
representative genomic library of the yeast, and more specifically of Saccharomyces 
cerevisiae, several known proteins involved in the same pathway are used as baits in a 
first round of two-hybrid screens. Among the produced sets of preys, a new series of 
baits is in turn used for second round screens. Repeating this procedure several times 
have lead to the characterization of a network of interactions. Therefore, starting from 
known proteins, this approach not only makes connections between known proteins, but 
also identifies new factors and suggests novel functional links between pathways so far 
unrelated. 
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The spliceosome is an attractive entry point for such a project: i) the spliceosome 
formation is a dynamic process conserved through evolution that requires RNA-RNA 
interactions, protein-RNA interactions and protein-protein interactions; ii) it is formed of 
several snRNP particles, each of them containing many different proteins; iii) it builds on 
pre-mRNA through a stepwise formation of different complexes; iv) pre-mRNA splicing 
is a cellular process that is functionally linked to transcription and processing of primary 
transcripts, including export to the cytoplasm. Altogether, the implication of numerous 
different proteins suggests a pivotal role of the protein-protein interactions not only 
within each snRNP but also between particles. Moreover, the link between pre-mRNA 
splicing and other nuclear processes is most likely mediated by protein-protein 
interactions. 

Spliceosome assembly involves the Ul, U2, U4/U6 and U5 snRNPs and many 
additional splicing factors that were characterized through genetic screens and in vitro 
biochemical analyses (Beggs, 1995). Sequence analyses indicate that most of the yeast 
factors have homologues in human cells (KrSmer, 1996). Out of several dozen yeast 
splicing factors, we chose some which are implicated in early steps of spliceosome 
formation. 

A new yeast genomic library has been constructed and improved the two-hybrid 
procedure in such a way that for each bait, the complete screening of the genome 
produced a very limited set of candidates. Five different categories of candidates have 
been defined. Among the candidates, several were chosen for subsequent two-hybrid 
screens, and a novel prey was again used as bait in a third round of screening. On the 
whole, the fifteen screens led to the characterization of new interactions between known 
splicing factors, to the identification of new yeast splicing factors homologous to already 
known mammalian factors and to the finding of unexpected interactions that open novel 
opportunities for functional analyses. 

As already mentioned hereinbefore, the inventors have constructed a novel and 
improved genomic DNA library from Saccharomyces cerevisiae containing 5 x 10 6 
independent cell clones that have been pooled to constitute the "FRYL library" More 
than 70% of the clones tested contained an insert the nucleotide length of which is in the 
range from 200 to 1400 nucleotides with an average length of 700 bases. 

The characteristics of the FRYL library allows the one skilled in the art to design 
DNA constructions for use in the method according to the invention leading to an in 
frame fusion between the Gal4 activation domain and a yeast ORF once every 24 
nucleotides. 

When assaying the fusions created using the polynucleotide inserts of the FRYL 
library as starting material, and using, on another hand, bait polynucleotides encoding 
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already known nuclear proteins implicated in the pre-mRNA splicing pathway (hsted m 
Table 1) several polynucleotide preys originating from the FRYL library were selected 
which have been determined to be of great biological significance, since among the 
selected prey polynucleotides a significant number of those are involved in the pre-mRNA 
splicing pathway, including still ^characterized ORFs (Ylrll6w and Yor319w) shanng 
strong homology with human protein counterparts such as SAP49 and SF1, one of the 
human SF3b component (Wells et al., 1996; Arning et al., 1996). 

Thus is also part of the present invention the FRYL library contained m the 
collection of recombinant E. coli strain MR32 cells that have been deposited at the 
Collection Nationale de Culture de Microorganismes (C.N.C.M.) on December 21, 1995 

under the access number 1-1651. 

The present invention also concerns a recombinant diploid yeast cell selected by 

the present two-hybrid method. 

Another object of the invention consists in a polynucleotide that has been selected 
with the method of the invention, as well as a polypeptide that is encoded, at least in part, 

by said polynucleotide. 

The invention is also directed to technical means that are needed to perform the 

present two-hybrid screening method. 

An illustration of such technical means consists in a kit for selecting at least one 
polypeptide of interest belonging to Saccharomyces cerevisiae, wherein said kit 

comprises: . . 

a) at least one complete collection of yeast cell clones containing the whole 

polynucleotide inserts representative of the genome from a prokaryotic or eukaryotic 
organism having a compact genome; 
25 b) optionally, the plasmid pAS2AA; 

c) optionally, the plasmid pACTTlst; 

d) optionally, a haploid yeast cell to be transformed with a plasmid containing a 

bait polynucleotide of interest; 

e) optionally, the reagents necessary to visualize the expression of at least one 

30 detectable gene, such as X-Gal. 

The most preferred embodiment of a genomic DNA library usable as a starting 
material in a kit according to the invention is the FRYL library described above, which 
may be initially contained in plasmids that have been transformed in E. coli (CNCM I- 
1651), or which may be directly contained in a suitable recombinant haploid yeast cell 
35 (FRYL libraries to be deposited). 

As it is described in details in Example 4, a second and third reiteration of the 
method according to the invention, using the previously selected prey polynucleotides as 
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the bait polynucleotides that are again tested against the FRYL DNA library, have 
allowed the inventors to design a map of the identified interactions (See Figure 9). More 
precisely, as it can be seen in Figure 9, 170 preys have been selected in the 15 screens 
performed and correspond to 145 ORFs, implicated in different cellular pathways. Nine 
5 Orfs are involved in pre-mRNA splicing, six in other RNA metabolisms, ten are involved 
in transcription and four are protein kinases and phosphatases. 

Since the screening method of the invention is exhaustive and reproducible, the 
selected prey polynucleotides may be classified in different categories, depending of their 
degree of occurrence in the positively selected diploid yeast cell clones or also of their 
10 size location or their location in a given ORF. 

Consequently, is also part of the invention a particular embodiment of the present 
two-hybrid method, wherein the prey polynucleotide selected at step b) is classified 
within one of the following prey polynucleotide classes : 

a) a polynucleotide contained in an intergenic region or on the reverse orientation 
15 of an ORF contained in the genome of the organism from which the initial DNA library 

has been prepared (B); 

b) a polynucleotide selected several times and contained in different clones of the 

initial DNA library (Al); 

c) a polynucleotide selected only once and having a 5' end of the coding strand 
20 starting close to an initiation codon of an ORF contained in the genome of the organism 

from which the initial DNA library has been prepared (A2); 

d) a polynucleotide selected only once and having a nucleotide length of at least 

1 000 bases (A3); 

e) a polynucleotide selected only once and having characteristics different from 
25 the polynucleotides of the a), b), c) and d) classes (A4). 

For the purpose of the present invention, the expression "coding strand starting 
close to an initiation codon of an ORF' means that the initiation codon of a given yeast 
ORF is at a nucleotide distance less than 150-200 bases from the in-frame stop codon 

located upstream said ORF. 
30 Among the polynucleotides inserts selected by the method according to the 

invention, several of them include inserts with out of frame fusions. The hypothesis is that 
the correct in-frame synthesis occurs through the production of frameshifted 
polypeptides. 

Since the two-hybrid screening method of the invention allows the one skilled in 
35 the art to design a statistically and biologically significant map of the interactor 
polypeptides (baits and preys) that have been selected, another object of the invention is a 
technical medium containing the whole pertinent interactions between metabolically 
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related bait and prey polypeptides and/or polynucleotides coding for such bait and prey 
polypeptides.^^ q{ ^ & technical me dium denned herein above, it may 

be cited a computer useable medium containing computer readable data related to the 
interactions between at least one bait polypeptide and at least one prey polypeptide 
encoded at least in part by a prey polynucleotide that has been selected with the two- 
hybrid screening method of the invention. 

The present invention will be fully illustrated by the Matenals and Methods 
protocols and by the Examples described below, although the scope of the invents 
cannot in anyway be limited to these specific embodiments. 

Materials and Methods 
A : The Mating experiment 

The mating procedure allows a direct selection on selective plates because the 
; two fusion proteins are already produced in the parental cell. No replica gating . 
required. We routinely obtain at least 20% mating efficiency and regularly 50% mating 

^Usually the Y187 strain is transformed either with the FRYL yeast genomic 
Ubrarv (see Part J for the characteristics of the yeast genomic FRYL library). 
0 ^endently, bait olasmids are introduced in the CG1945 strain. The Y187 stram 
contains a sensitive LacZ reporter gene whereas the CG1945 strain has a non-leaky H S3 
reporter gene that enables the selection of positive diploids in the absence of 3- 

aminotriazol (3 -AT). . 

Alternatively, bait plasmids can be introduced into the L40 strain. This plasmid 
, 5 derived from pBMTl 16 plasmid. It encodes for LexA fusion protein that can be assayed 
' in a two hybrid system in the L40 strain containing Hia and Loci reporter genes 
downstream LexA binding sites. The same Gal4-derived libraries could be used. 
However, the L40 strain is not deleted for the GALA gene and although glucose 
repression occurs, a residual activation of this gene in the diploid cells promotes the 
30 transcription of the parental Y187 strain's Loci reporter gene. Thus, m a L40 x Y187 
diploid cell, selection is made only on the HIS3 reporter gene. 

This protocol is written for the use of the FRYL yeast genomic library cloned mto 
the Y187 strain. Any other genomic or cDNA library might be used with minor 
adaptations to take into account their complexity and the cell density of the frozen cells. 

35 fSl945 (MATa Gal4-542 Gal80-538 ade2-101 His3-200 Leu2-3,-112 Trpl-901 
Ur a3 52 Lys2- 801 URA3:: GAL4 17mers (X3)-CyClTATA-LacZ LYS2::GAL1UAS- 
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GAL1TATA-HIS3 CYH*) transformed with the pAS2AA bait plasmid (see Figure 7 for 
plasmid map). 

* Y187 (MATa Gal4A Gal80A ade2-101 His3 Leu2-3,-112 Trpl-901 Ura3-52 
URA3::UASGAL1- LacZ Met") transformed with the FRYL yeast genomic DNA library 

(see Part L). 
Day 1 preculture 
Materials 

* 100 ml flask with 20 ml -W medium. 
Experiment 

10 Preculture of CGI 945 cells carrying the bait plasmid in 20 ml -W medium. 

Grow at 30°C, vigorous agitation. 
Day 2 culture 
Materials 

* 1 liter flask with 1 50 ml -W medium. 
15 Experiment 

at 6 pm 

Estimate ODeoo of the -W preculture of CGI 945 cells carrying the bait plasmid. 
Measure ODax) of 4 to 10 fold dilution depending of the preculture. The OD must lie 
between 0.1 and 0.5 in order to correspond to a linear measurement (1 OD = 10 
20 CGI 945 cells using our spectrophotometer). 

Inoculate 150 ml -W at OD m 0.006/ml (may depend on local growth conditions; 

to be tested with various dilutions). 

Grow o.n. at 30°C, vigorous agitation. 

Day 3 mating 
25 Materials 

all the material must be sterile. 

medium and plates 

15 YPglu + Tetracyclin (Tet) 6 mg/ml plates 
a 50 ml tube with about 50 ml YPglu+Tet (6 mg/1) 
30 * a 50 ml tube with 35 ml -LWH 

100 ml flask with 20 ml of YPglu 
75 -LWH + Tet (6 mg/ml) plates 
2 -L plates 
2 -W plates 
35 * 2 -LW plates. 

materials 

* Swinnex 47 filter holder (ref: millipore SX00 047 00) 
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* filters 0.22 n 45 mm (ref: milUpore GSWP 047 00) 

* 10 ml syringe 

* 9 cm plates 

* forceps 

* multipipettor and 10 ml sterile tips 

* glass beads 3 mm 

* 50 ml tubes 

* large beaker. 
Experiment 

A M ' Rinse forceps with water and ethanol; flame it and place it inside a sterile 9cm 
plate. Using the syringe, soak up 1 ml of YPglu and keep it also inside a sterile 9cm plate. 
Mark the YPglu+Tet plates with bait name. 

Prepare Filter holder: open it up; (place parts inside a 9cm plate) check placmg of 
rubber rings; wet the filter-part with YPglu (from the syringe) and place a 41 'mm filter on 
top in the middle. Let the filter soak up the liquid and screw the upper part of the filter 
Jt tightly on the lower half. Rinse filter with about 10 ml YPglu applied using the 
ZL at ached to the opening at the top of the filter holder. Collect me liquid m the 
S3 beaker. Press the plunger to get an even distribution of the liquid over the filter. 
Check that the filter unit doesn't leak. If it does, don't panic, take off the pressure, open 
the unit replace the filter and/or the rings and screw it maybe more tightly. 

ifl filter unit is contaminated take a new one and start again. (This can aUo 
happen during the collection of diploid cells as described below as you replace the fiher 
every time. Only when you take a new filter holder you have to do the pre-wettmg and to 
rinse with 10 ml of YPglu). 

. Measure OD™ of the -W culture of CG1945 cells carrying the bait plasmid. It 
shouldbearoundl;definitelynothigherthanl.5. 

For the mating you must use twice as many bait cells as bbrary cells. A vial of the 
Y187/FRYL yeast genomic DNA library contains 4. 10* viable cells. 

Estimate the amount of bait culture (in ml) that makes up 80 OD600 units for the 
mating with the yeast library (1 OD = 10 7 CG1945 cells). 

Thaw a vial containing the Y187/library slowly on ice. 
. Add the contents of the vial to 20 ml YPglu using a sterile plugged 1 ml p.pet; 

rinse the vial with culture liquid. 

Let those cells recover at 30°C, under gentle agitation for 10 minutes. Set your 

timer. 
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Mating 

Put 80 ODeoo units of bait culture into a 250 ml flask. (Do not leave the CGI 945 
cells without agitation because of the aggregation of the cells). 

Add the Y 1 87/libraiy culture to the bait culture. 
5 ■ Mix the library/bait cells by hand. 

Collect 1/15 volume of mixed library/bait culture on one filter by pressing it 
through the Swinnex filter holder (15 independent mating experiments will be done). 
Rinse the filter with 4 ml fresh YPglu and about 10 ml air to dry it. Take off the syringe 
(underpressure might cause a suck back; try to prevent it). Repeat the pressure with 10 
10 ml air until no medium goes through the swinnex. Open the filter unit carefully so that 
any remaining fluid stays on top of the filter. Using the forceps, take off the filter and 
place it cells-up on top of an YPgiu+Tet plate. 

Repeat this another 14 times until all the cells are collected on filters. Before 
every sampling shake the culture to counteract the flocculation and to homogenize the 

15 cell density. 

Incubate plates cells-up at 30 oC for 4 h 30mn. 

P.M. 

retention of mated cells 

Mark the -L, -W, -LW and -LWH + Tet plates with date and bait-name. Add 5 to 

20 7 sterile glass beads to every plate. 

Wash and flame forceps (before placing them inside a sterile 9 cm plate). 
Place the base of a 9 cm plate against the base of a Bunsen burner. Place a filter, 
with mated cells up, inside the base. Rinse the cells from the filter with 1 ml of -LWH 
using a pipetman. Reapply the cell-slurry a couple of times until all cells are washed off. 
25 Pipet the cell-slurry into the collection tube. (The cells are clearly visible as a reddish 
layer and come off as sheets in the beginning). Wash and rerinse the filter with another ml 
-LWH and pipet this into the collection tube. Discard filter with original YPglu+Tet plate. 

Repeat this with all the filters. You will end up with about 30 ml of cell- 
suspension. Take note of the actual volume. 

30 Plate the controls 

Shake cell-suspension and make a 1:1000 dilution by three 10 fold dilution steps: 
(50 jil mix to 450 nl of fresh -LWH medium, shake well). Spread 50 \i\ of the 1000 fold 
dilution on -L, -W and -LW plates. Incubate cells down at 30°C for two days. 

Plate the Screen 
35 Take multipipettor and sterile 10 ml tips. 
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Shake cell suspension and distribute cells in 400 >il samples over the 75 -LWH 
+Tet plates with glass beads. Spread cells by shaking the plates. Incubate plates cells 

down at 30°C for three days. 

This can be done only if one knows the behavior of the bait (e.g. it does not 
5 require addition of 3-AT in the plates). Otherwise, for an unknown bait, the optimal 
conditions must first be determined by plating samples onto -LWH plates without and 
with 3-AT at various concentrations (ranging from 1 to 50 mM). 

The cell mixture can be stored at 4_C and plated 3 days after the mating. 
Day 3 mating (Alternative protocol) 

10 Materials 

all the material must be sterile, 
rp^inm and plates 

* 5 YPglu + Tetracyclin (Tet) 6 mg/ml plates 

* a 50 ml tube with 30 ml -LWH 

* 100 ml flask with 20 ml of YPglu 

* 75 -LWH + Tet (6 mg/ml) plates 

* 2 -L plates 

* 2 -W plates 

* 2 -LW plates 

20 materials 

* 5 Hybond C-extra filters (Amersham, RPN 82 E) 

* 9 cm plates 

* forceps 

* multipipettor and 10 ml sterile tips 
25 * glass beads 3 mm 

* 50 ml tubes. 
Experiment 

AM Rinse forceps with water and ethanol; flame it and place it inside a sterile 9cm 
plate Mark the YPglu+Tet plates with bait name. Using the forceps, place a Amersham 
filter on top of an YPglu+Tet plate. Add 5 to 7 sterile glass beads to every plate. Prepare 
5 plates with filter and glass bead. 

. Measure OD«h> of the -W culture of CG1945 cells carrying the bart plasmid. It 
should be around 1; definitely not higher than 1.5. 

For the mating you must use twice as many bait cells as library cells. A vial of the 
Y187/FRYL yeast genomic DNA library contains 4.10 8 viable cells. To get a good 
mating efficiency you must collected the cells at 4 .5.10 s cells per cm 2 of filter. 
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Estimate the amount of bait culture (in ml) that makes up 80 OD m units for the 
mating with the yeast library (1 OD = 10 7 CG1945 cells). 

Thaw a vial containing the Y 1 87/library slowly on ice. 

Add the contents of the vial to 20 ml YPglu using a sterile plugged 1 ml pipet; 

5 rinse the vial with culture liquid. 

Let those cells recover at 30°C, under gentle agitation for 10 minutes. Set your 

timer. 
Mating 

Put 80 ODmo units of bait culture into a 250 ml flask. (Do not leave the CGI 945 
l o cells without agitation because of the aggregation of the cells) 

Add the Yl 87/library culture to the bait culture. Mix the library/bait cells by hand. 
Transfer the mixture of diploids into 50 ml sterile tubes. Centrifuge the cells at 5000 g 
(4000 rpm) for 3 min. Discard the supernatant. 

Resuspend the pellet with 2 ml of YPGlu medium. 
15 • Distribute cells in 400 ul samples over the filter on YPGlu plates with glass beads. 
Spread cells by shaking the plates. 

Incubate plates cells-up at 30 oC for 4 h 30mn. 

P.M. 

Collection of mated cells 
20 • Mark the -L, -W, -LW and -LWH + Tet plates with date and bait-name. Add 5 to 

7 sterile glass beads to every plate. 

Wash and flame forceps (before placing them inside a sterile 9 cm plate). 
Place the base of a 9 cm plate against the base of a bunsen burner. Place a filter, 
with mated cells up, inside the base. Rinse the cells from the filter with 4 ml of -LWH 
25 using a pipetman. Reapply the cell-slurry a couple of times until all cells are washed off. 
Pipet the cell-slurry into the collection tube. (The cells are clearly visible as a reddish 
layer and come off as sheets in the beginning). Wash and rerinse the filter with 2 other ml 
-LWH and pipet this into the collection tube. Discard filter with original YPglu+Tet plate. 
Repeat this with all the filters. You will end up with about 30 ml of cell- 
30 suspension. Take note of the actual volume. 
Day 5 Estimation of diploid number 

Late in the afternoon: check controls of mating as well as some selective -LWH 
plates. About a hundred diploid colonies should be visible on -LW plates. Multiplying this 
number by 20 (50 ul sample), 1000 (dilution factor) and 30 (volume in ml of the diploids 
35 mixture) gives the amount of diploids (i.e. 60.10 6 when you counted 100 on the -LW 
plate: 100 X 20 X 30 X 1000). 
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. Count colonies on control plates. Estimate the mating efficiency by dividing the 
number of colonies on -LW plate by the number on the -L plate and multiply by 100. 

Colonies should become visible on -L WH+Tet plates. 
B : X-gal-Overlay assay 

Introduction „ 
X-Gal-overlay assay is performed directly on the selective medium plates after 

scoring the number of His + colonies. This procedure is less sensitive than the filter assay 
(Protocol C) but it is less time consuming and has the advantage of a better recovery of 
cells since it does not require freezing the cells in liquid nitrogen. 
Materials 

* Work under the hood. Dimethylformamide (DMF) is toxic. 

* Set up a waterbath. The water temperature should be 50°C. 

* Stock solutions: 

0 5 M Na^P0 4 P H7.5 (71 g Na 2 HPO< per 1 liter + 4 ml orthophosphonc acid). 
Distributed per 250 ml and stored at 50jC ( neither filtrated nor autoclaved). 

1 2 % Bacto-agar distributed per 210 ml (2.52 g/210 ml). Autoclaved and stored at 
50°C (Alternatively, phosphate and agar solutions are kept at room temperature and the 
solutions are mixed just before use after melting the agar in a microwave oven). 

- 2 % X-Gal in DMF and stored at -20°C. 
"■Overlay mixture: 
0.25 MNa 2 HP0 4 pH 7.5 

0.5 % agar 
0.1%SDS 

7 % DMF (LABOSI ref D0675) 
0.04% X-Gal (ICN ref 150001). 
For every plate you need 10ml overlay mixture: 
5 ml 0.5M phosphate buffer pH 7.5 
4.2 ml 1.2% agar 
200 ul 2 % (w/v) X-Gal in DMF 
100 ul 10%SDS 
500 ul DMF. 
■-LWH plates 
Sterile toothpicks 

^Te^are the amount of overlay-mix you need. 500 ml maximum for one batch in 



ettling 



too long in the bottle. 
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Mix 250 ml 0.5 M phosphate buffer pH 7.5 + 210 ml 1.2 % agar + 5 ml 10 % 
SDS. Go under the hood and add 25 ml DMF and 10 ml 2 % X-Gal. 

Dont add X-gal solution unless you will use it immediately. Temperature of the 
mix should be between 50°C and 45°C. Higher temperatures might affect the cells; lower 

temperature impairs handling. 

With pipetpump and sterile 25 ml pipet divide the overlay-mix over the plates in 
portions of 10 ml. Let the mix flow out gradually where there are no colonies growing. 
Too fast a flow or directly hitting a colony will cause smearing of the yeast cells. Too 
slow a flow will cause settling of the mix before it has spread equally over the plate. 

Work through the whole batch of plates laid out. Collect them when the top layer 
is settled (keep the plates horizontal; dont tip them; the whole overlay layer might move, 
causing smearing of the colonies). Check whether all colonies are covered by the overlay. 
If not, apply some nux on the 'uncovered' spots. 

Incubate plates cells/overlay-up at 30°C. Note the time. 

Check for blue colonies after 30min,lh,2h,4hand6h incubation time. Mark 
positives with a felt-tip pen (a different color/marking-style for each check at the different 
incubation time). 

After 30' and 1 hour do a quick check for blue colonies. Check very superficially. 
Do more careful checking after 2, 4 and 6 hours. 

During checking, take the plates to the hood and check the color against a black 
background. Don't inhale the DMF, keep your head out of the hood. At this moment it is 
not essential whether you are able to pick all blue colonies (some will be pale). 

Number the positives. (If you want you can sample them in classes, distinguishing 
them according to colony-size and intensity of blue-color). 

Take some fresh -LWH plates (it is important to maintain the selection for the 
interaction on -LWH plates) and divide into 4 sections. Number them according to the 
number of positives found. Mark them with date and bait-name. 

Streak the positive colonies after 6h incubation time. Put the rest back at 30°C. 

To streak cells from a single positive colony take a sterile toothpick through the 
agar-overlay into the colony and collect some cells. Streak the cells into one line. Take a 
fresh toothpick and restreak cells from the first line into a second one. Take a third 
toothpick and streak cells from the second into a third line and, after turning the 

toothpick, into a fourth line. 

Next day, check plates for positives. Streak newly found positives. It is important 
not to wait too long in doing this as the components in the overlay-mix are not very good 
for the yeast cells. (After 24h incubation time the cells might be dead). 

It takes about two days for colonies to grow. 
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There are five items to keep in mind: 

1) What counts as a 'real' positive (= blue color) can differ from one screen to 
another It might be related to the nature of the bait fusion, and also to its expression 

level. 

2) Another factor is how fast the yeast colonies are penneabilized. Therefore you 
will see blue colonies coming up after an hour whereas for other colonies, it takes six 
hours The intensity of the blue color can also range from deep dark to almost grey-light 
blue Sometimes you see a blue halo around the colonies or the color is only restricted to 
the colony or its center. Always compare the color of putative positives with that of 
colonies on the same plate or on plates from the same screen. 

3) Because of these kind of differences keep track of the time at which positives 
are found, size of colony and intensity of blue-color. 

4) In the overlay method the blue-color develops with time. Compare the blue 
color of the positive colonies at a later time (i.e. after 24h) than when you found/streaked 
them Strong positives will turn bluer than weaker ones. Colonies that turned blue at a 
later time-point than others might have developed a more intense blue color than the 
'earlier 1 ones. 

5) Recovery of small colonies can be difficult, especially when streaking after 24h 
incubation. 

C : Filter lift X-gal Assay 

Introduction . 

The filter lift assay is a fast and sensitive method to check whether the reisolated 

colonies are positive and homogeneous. 
Materials 

* Plates with healthy, well-grown yeast colonies 
Hybond C-extra filters (Amersham, RPN 82 E) 
incubation plastic boxes 

* Whatman 3 MM paper 

* Millipore forceps 

* Saran wrap 

* Liquid Nitrogen 

* sterile toothpicks 

* -LWH plates 

* 2 % (w/v) X-gal solution in Dimethylformamide (DMF) 

* 1M Na 2 C0 3 

* Z-buffer with p-mercaptoethanol (Z-pOH): 
100mMNa 2 HPO 4 pH7.5 



* 
* 
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lOmMKCl 
1 mM MgSO* 

add 1.8 ml P-mercaptoethanol per 500 ml Z buffer (50mM) just before use (if 
added in advance keep solution at 4°C). 

To 20 ml Z-pOH buffer add 400 \il 2% X-gal solution. 

Experimen : 

Take a sheet of Whatman paper upon which you can work. 

Cut a sheet of Whatman that fits exactly into the bottom of the incubation box. 

Prepare just enough Z buffer-pOH/Xgal mix for wetting the paper: For one 
incubation box (about 300 cm 2 of paper) you'll need about 20 ml Z-pOH/Xgal mix. 

Pour the Z-POH/Xgal mix over the paper. Start in the middle and tilt the box so 
that the paper is uniformly wetted. Get rid of any bubbles. (Try to lift the wet paper with 
forceps at one of the corners to let the bubbles escape; be careful the paper may tear). 
Pour off excess Z-POH/Xgal mix and keep as back-up. Place the lid on the box. 

Take a Hybond C-Extra filter (or enough to cover those plate-sectors where yeast 
colonies have formed), remove protecting papers. Take a ball-point and mark the filter 

with a letter/number and a line. 

Mark the plates with a line and numbers corresponding to the filters. 

Lift the marked filter, with the mark at the underside (i.e. towards the yeast cells), 
using the forceps (or by hand with gloves) and the lid of the yeast plate. 

Position the filter above the yeast plate so that the lines on the plate and the filter 

are aligned. 

Gently let the filter descend upon the yeast cells (i.e. not smearing the colonies). 
Tap the plate in order to enhance the wetting of the filter. 

Close the plate with the lid and, in the case you have to do a lot, apply a filter to 

the next plate. 

When the filter is uniformly soaked or when all plates are done, lift the (first) filter 
gently from the plate using the forceps. Directly hang the filter in liquid nitrogen without 
releasing your grip on the forceps. Count to five, take the filter out of the nitrogen and let 
thaw cells-up on your paper work-sheet. (Continue with the next filter). Repeat 
freezing/thawing step a second time. 

When the filters have thawed, transfer them to the incubation box (containing the 
Z-pOH/Xgal pre-wetted Whatman filter). Lay filters carefully cells-up and without 
trapping air bubbles. Close the box and seal the lid with parafilm. Incubate at 30!C. 

Prepare a stop-paper and a wash-paper: 

Stop-paper. Take a slightly smaller piece of Whatman paper and place inside an 
incubation box. Wet the paper with 1M Na 2 C0 3 . 
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Wash-paper: idem, but wet the paper with distilled water. 

After 3 h incubation time, transfer the filters from the incubation box on the stop- 
paper and let them sit for 1 min. Transfer them to the wash-paper for another mm., then 
dry them on a fresh piece of Whatman paper. 

Store the filters by sticking them to a new sheet of Whatman paper usmg 
doublesided tape. Keep the filters that belong to one screen together. Wrap the papers 
with saran-wrap and seal the edges. Store together the niters belonging to the same 

SCreeD Restreak cells from a positive colony after checking by the filter lift assay (for 
each clone) Take some fresh -LWH plates and divide into 8 sections. Number them 
according to the number of positives found. Mark them with date and bait name. 
Restreak cells from a single positive colony with 3 sterile sticks as described above to get 

isolated colonies. 

D : PCR on Yeast Colonies 

Introduction 

PGR amplification of fragment of plasmid DNA directly on yeast colomes is an 
efficient procedure to identify sequences cloned into this plasmid. It is dire*, ' derived 
from a published protocol (Wang H et al, Analytical Biochemestry, 237, 145-146, 1996). 
However it is not a standardized protocol : in our hands it varies from stram to strain, it 
is dependent on experimental conditions (number of cells, Taq polymerase source, etc.). 
This protocol should be optimized to specific local conditions. 

Materials 

* i Qv PCR buffer : 

500 mM KC1 

100 mM Tris HC1 pH 9.0 

15mMMgCl 2 

* 10 mM dNTP (mixture of the four dNTP at lOmM each) 

* Taq polymerase (5U/ul) from Pharmacia (ref. 27.0799-02) 

* 1 N NaOH 

* oligonucleotide upstream lOOng/ul (oligo 52 for the W strand of the pACTHst 

prey plasmid): 

5^CGC-GTT-TGG-MT-CAC-TAC-AGG-GAT-G-3' 

* oligonucleotide downstream lOOng/ul (oligo 53 for the C strand of the 

pACTHst prey plasmid): 

5-GAA-ATT-GAG-ATG-GTG-CAC-GAT-GCA-C-3' 

(see Fig. 8 for the sequence of pACTIIst plasmid). 
Experiment 
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Take one colony with a toothpick. Resuspend the cells at room temperature in 
10 ]xl 0.02N NaOH in an Eppendorf tube by turning the toothpick for several seconds in 
the NaOH solution. Prepare 0.02N NaOH just before use (5 jil IN NaOH + 245 [il 
water). 

5 Incubate 5 min. at 100°C. For a large series, vortex the tubes before the 

incubation at 100°C to counteract the sedimentation of the cells. 

Put on ice immediately. Centrifuge the tube briefly to spin down the drops of 

condensation on the cap. 

Vortex to resuspend the pellet and transfer 2 \i\ of the cell extract in a 0.5 ml PCR 

10 tube preincubated in an ice/water bath. 

Prepare the PCR mix for X reactions (at least one more -or 1 0 % more for large 
series-than the actual number of reactions), 
for one reaction: 

24.6 |il H 2 0 (qsp 30 
15 3.2 fil 1 Ox PCR buffer 

0.7 [il lOnldXTP 

0.5 |il oligo 52 

0.5 nl oligo 53 

(0.5 nl Taq polymerase). 
20 Mix all the components except the Taq enzyme. 

Go to the thermal cycler. The block of the thermal cycler must be at 94°C when 

you put your samples inside. 

Add Taq enzyme to the PCR mix just before you distribute 30 ^1 of PCR mix per 

reaction. 

25 PCR program: PTC-200 (MJ Research) or UnoH (Biometra) 

- step i 3 min 94°C 

- step 2 94°C 30 sec. 

- step 3 55°C 1 min 30 sec. 

- step 4 72°C 3 min. 
30 (3 1 cycles step 2 to 4) 

- step 5 72°C 5 min. 
-step 6 15°C for ever. 

Check the quality, the quantity and the length of the PCR fragment on 1% agarose 
gel. Take 3 nl from the PCR reaction and mix with 10 nl loading buffer (1.3 \i\ lOx blue 
35 loading buffer + 8.7 |il H 2 0; lOx blue loading buffer is: 10 mM Tris pH8, 1 mM EDTA, 
30% glycerol, 0.2% bromophenol blue, 0.2% Xylene cyanol blue). 
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The length of the cloned fragment is the estimated length of the PCR fragment 
minus 300 bases that correspond to the amplified flanking plasmid sequences. 
E : Sequencing PCR Fragments 
Introduction 

5 Two protocols are proposed, depending on the availability of an automated 

sequencing machine. It should be noted that the quality of the sequence will depend 
greatly on the quality of the PCR experiment that should be carefully analyzed (number of 
bands and intensity). Small amounts are generally sufficient as long as the preparation u 
not a mixture of several fragments. 

10 Manual sequencing 
Materials 

* Sequenase PCR Product Sequencing Kit (Amersham/USB ref:US70170) 

* 35 S dATP (ICN Ref: 56420H; spec. Act: 1000 Ci/mmole ) 

* 60 wells microliter plate (Seromat Greiner ref: 860 173) 

15 * Primer MFR1 (10 picomoles/ul) 5'-GGC-TTA-CCC-ATA-CGA-TGT-TC-3' 

* 20xTTE buffer: 
216 gTris Base 

72 g Taurine ( USB/Amersham Ref: US75824) 
4gNA 2 EDTA2H 2 0 

2 0 H 2 0 to 1000ml. 

40% Acrylamide (Eurobio Ref: 018806) 
Urea (Prolabo Ref:28 877.292) 

* 10% Amonium Persulfate (APS) 

* TEMED 

25 Experiment 

(According to Amersham) 
pnTymstir. pre-treatn" "* "f PCR product 

It is convenient to do this pre-treatment in a thermal cycler. 

Take 7 ul of PCR amphfication product. (Do not vortex the tube to avoid taking 
30 cellular extract settling at the bottom of the tube). 

Add 1 ul of Exol (10 units) and 1 ul of Shrimp Alkaline Phosphatase (2 units). 
For large series, you can mix the 2 enzymes (vol/vol) and add directly 2 ul of the mix. 

Gently mix the tube, briefly spin the tube and incubate at 37°C for 1 5 mm. 

Inactivate the enzymes by heating at 80°C for 1 5 min. 

35 • Chill on ice. 

Penaturation and annealing 

Add 1 ul of primer to each tube and denature by heating 3 mm. at lOOjC. 



* 
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Chill as quickly as possible in an ice/water bath for 5 min. 
Centrifuge briefly and chill on ice. 
Elongation 

Mark the microtiter plate wells with the name of the clones. 
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For each template aliquot into microtiter plate wells 2 ^1 of each termination mix 
15 in the order GATC. Keep at 4°C or on ice and pre-warm at 37°C before use. 
Prepare elongation mix, keep on ice; for every reaction you need: 
2 jil 5x sequenase buffer 

1 nl lOOmMDTT 

2 nl labeling mix (1:10 dilution) 
20 0.5 >il35SdATP 

2 \i\ Sequenase (add Sequenase just before use) 
For example, for 6 reactions, prepare: 
14 |al 5x sequenase buffer 
7 ^1 lOOmMDTT 
25 1 4 nl labeling mix ( 1 : 1 0 dilution) 

3.5 nl35SdATP(5 nCi) 
14 \xl Sequenase (just before use) 
Set timer at 3 min. 

Add 7.5 nl elongation mix to annealed template. Wait 30 sec. before continuing 
30 with next sample. You can do a maximum of 12 templates in one go - yes, you have to 
work fast - keeping 15 sec. in between. 

Aliquot 3.5 nl of elongation mix over each GATC termination wells within 30 sec 
(or 15 sec. when you do 12 templates in one go) 

Wrap micro-titer plate with tape or para-film and put at 37°C for 10 min. (can be 

35 placed in 37°C incubator). 

Stop termination by placing micro-titer plate on ice and adding 4 ^1 stop-solution 

to each well. 
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Denature samples just before loading: 

Place micro-titer plate between two hot blocks at 95<"C; cover top of micro-titer 
plate with tissue to trap radio-active vapor. After 5 min. start loading gel. 
6 % acrvlaif i'fc pel electrophoresis 

Apparatus : Sequi-GenH (Biorad 50 cm x 40 cm). 

The samples contain too much glycerol to use TBE buffer. Some distortions could 

appear. The gels must run in 0.8x TTE buffer. 

Dissolve 72.2 g urea with 59 ml dH 2 0, 6 ml of 20xTTE, 18.75 ml of 40% 
Acrylamide. Add 500 pi of 10%APS and 120 1 of TEMED. 

Pre-run the gel for 30 min. at 1 50 Watts. 

Run the gel at 100 Watts. 
Abi cycle sequencing 
Materials 

* 0.2 ml 8 tube-strips. 

* Exonuclease I (Amersham ref:E70073Z). 

* Shrimp Alkaline Phosphatase (Amersham ref: E70092Z). 

* Dye terminator (Perkin Elmer Ref: 402 122 or Amersham Ref: US79765). 

* Primer JC90 at 0.8 pmole/pl (see Fig. 8 for the map of pACTHst plasmid). 

* 50 mg/ml of Dextran-Blue dissolved in 25 mM EDTA (pH8). 

* Loading buffer: deionized formamide and Dextran-Blue in a ratio of 5:1 
(formamide to Dextran-Blue). 

* 70% Ethanol in 0.5 mM MgCl 2 . 

* 70% Ethanol in H 2 0. 

* 40% Acrylamide (Biorad Ref: 161-0120). 

* Urea (Interchim Amresco Ref: 0568). 
Experiment 

Fnr ymatic p r».tr«fltment of PCR product 

It is convenient to do this pre-treatment in a thermal cycler (block of 96 wells) and to use 
0 2 ml 8 tubes strips. 

Take 6 pi of PCR amplification product. (Do not vortex the tube to avoid taking 

the cellular extract at the bottom of the tube). 

Add 1 pi of Exol (10 units) and 1 pi of Shrimp Alkaline Phosphatase (1 unit). For 
large series, you can mix the 2 enzymes (vol/vol) and add directly 2 pi of the mix. 

Briefly spin the tube (if necessary) and incubate at 37°C for 15 min. 

Inactivate the enzymes by heating at 80°C for 1 5 min. 

Chill on ice. 
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PCR sequencing 

To each tube add 4 fil of primer at 0.8 pmole/nl and 8 \i\ of Terminator Ready 
Reaction Mix. 

Place the 8 tubes strips in the thermal cycler programmed for: 
5 10 sec. at96°C 

5 sec. at 50°C 
4 min. at 60°C 
Repeat for 25 cycles. 
4°C for ever. 

10 Precipitate at room temperature (RT) each tube with 75 \i\ of 70% Ethanol in 

0.5mMMgCl 2 . 

Centrifuge at 3000 g for 1 5 min. at RT in a Jouan centrifuge (4000rpm). 
Discard carefully the supernatant with a Pasteur pipette under vacuum. 
Wash with 200 \il of 70% Ethanol. 
15 • Discard carefully the supernatant with a Pasteur pipette under vacuum. 
Dry the sample on the bench. 

Resuspend the pellet with 5 1 of loading buffer by vortexing. 
Spin the samples. 

Heat the samples at 95°C for 3 min. in the thermal cycler. 
20 Load 2 |il of the samples on an acrylamide gel. 

6 % acrvlamide gel electrophoresis 

Dissolve 25 g urea with 19 ml of H 2 0, 5 ml of lOxTBE, 7.5 ml of 40% 
Acrylamide. Add 250 \i\ of 10% APS and 23 \i\ of TEMED. 
Pour the gel according to Perkin Elmer. 
25 Run gel on ABI 373 machine according to Perkin Elmer. 

F : Identification and Classification of the Candidates 
1) Search in databases 
Introduction 

This protocol varies from one lab to another depending on the local conditions for 
30 databases searches. 
Materials 

* DNA Strider software (Marck. C; 16, 1829-1836, 1988) 

* SGD blast program (http://genome-www.stanford.edu ; SGDB, Stanford, 

California). 

35 * YPD (http://www.proteome.com ; YPD, Proteome Inc., Beverley, 

Massachusetts). 

* NCBI blast program (http://www2.ncbi.nlm.nih.gov/BLAST). 
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Experiment 

Sequence N-trrminal fiision of the pr 



Each clone is sequenced. Create one DNA Stricter file per clone. 
Read and enter the sequence from GGG ATC C. It is the BamHI site used to 
clone the yeast FRYL library. Starting with the 3Gs gives the coding frame of the Gal4 

domain. , . 

The 20 bases after the Bamffl site are from the linker added to the genomic DNA 

fragments for the making of the FRYL library. 

It is important to check if the linker sequence contains a mutation (especially 

frameshifts). 

Read at least 50 bases of the insert. 

Search chromosomal coordinates (chromosome number, strand w or c, position) 

with the SGD blast program. 

Enter the data into in a column of an Excel Microsoft table. 

Search the ORF corresponding to chromosomal coordinates (or the names of the 
two flanking ORFs). Extract and copy the sequence of the ORF into a DNA Strider file 

(+ lOOOnt flanking regions). 

Biological information on the ORF can be extracted from the YPD database. 

Compare the insert sequence with the ORF sequence to get the exact location of 
the beginning of the insert related to the initiation codon. 

Enter the data in a column of the table. 

Compare the translated sequence of the clones with the protein sequence to check 
the coding frame. 

Insert in a column of the table the length of the cloned fragment as estimated by 
agarose gel electrophoresis of the PCR fragments. 

2) Classification of the candidates 

Considering the size of the library - a fusion point once every four bases - one can 
expect to find a given ORF several times as independent clones in a complete screen of 
such a library. However, the probability of the selection of a given fiision depends on the 
length of the interacting domain and on the position of the interacting domain along the 
coding sequence. 

These parameters predict that all candidates fall into one of the foUowmg 

categories. ™>r 
tu. .o^ pnr.^ Al , a», A3 and A4 correspond to potentially encoded yeast ORFs. 

Their inserts start either inside the ORF coding sequence or upstream the initiation codon 




• 
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The B category corresponds to fused polypeptides located in an intergenic region, in the 
reverse orientation of an ORF, in a non-polypeptide encoding region (rDNA, telomeric 
DNA, mitochondrial DNA) or in a Ty retrotransposon element. 
The Al category consists of candidates found several times as distinct independent 

5 clones. 

The three other A categories correspond to candidates found only as a single 
fusion, even if the same clone is found several times: 

The A2 category consists of fusions starting close to an initiation codon of a yeast ORF 
and at a distance smaller than 150 bases from the in-frame stop codon located upstream 
o of this ORF. These candidates correspond to amino-terminal interacting domains. For 
such interacting domains, fewer candidates are expected since in-frame nonsense codons 
upstream of the yeast ORF interrupt its translation. 

The A3 category candidates contain large coding inserts (over 1000 bases). This 
category may correspond to preys with a large interacting domain. Since the average size 
15 of inserts is 700 nt, candidates with targe interacting domains are underrepresented. 

The A 4 category contains the other candidates. We cannot predict why these clones are 
found only once, although several hypotheses can be proposed, such as incorrect folding 

or toxicity of fusion proteins. 

♦Out of frame fusions are found. We do not discard these candidates but we label 
20 them with a asterisk to keep in mind that they may encode bonafide yeast polypeptides 
through a frameshifting event. 
G : Plasmid Rescue from Yeast by Eelectroporation 
Introduction 

This experiment allows the recovery of a plasmid from yeast cells by 
25 transformation of E. coli with a yeast cellular extract. In the two-hybrid screening 
experiment, the diploid cells contain two different plasmids carrying the TRP1 (bait) and 
the LEU2 (prey) markers, respectively. We use a bacterial strain (MCI 066) that carries 
the trp and leu auxotrophies that can be complemented by TRP1 and LEU2 yeast genes. 
Usually we select for the prey plasmid carrying LEU2 gene. 

30 Materials 

Plasmid rescue 

* glass beads 425-600 urn (Sigma ref:G-8772) 

* Phenol/chloroform (1/1) premixed with isoamyl alcohol (Amresco ref: 0883) 

* Extraction buffer: 
35 2% Triton X100 

1% SDS 
lOOmMNaCl 
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10mMTrisHClpH8.0 

1 mM EDTA pH8.0. 

* Mix Ethanol/WAc: 6 volumes Ethanol with 1 volume 7.5 M NH, Acetate 

* 70% Ethanol 

* yeast cells in patches on plates. 

note This protocol can be performed with frozen cells prepared from colonies or patches 
on plate, mixed in water and frozen directly at -20°C. (in 50 pi H 2 0). 

piprtmporation 

* SOC medium 

* M9 medium 

* Selective plates: M9-Leu + Ampicillin 

* 2mm electroporation cuvettes (Eurogentec ref: CE0002-25). 

Experiment 

?JmM ^6 400 pi of glass beads in each 1.5 ml eppendorf tube; second, add 200 ,1 
extraction buffer (use multipipettor in case you do a large number of "extracts); thud put 
the cells of each patch in the tube using blue tips (the cells must coat 2 mm of the up). 

Resuspend the cells in extraction buffer with the blue tip. Contmue under the 

h00d Add 200 pi Phenol/chloroform and vortex cells vigorously for 7 min. 

Spin tubes 10 min, 15000 rpm. 
. Transfer 140 pi supernatant to a sterile eppendorf tube and add to each 5001 

Ethanol/NH4Ac. Vortex. 

Spin tubes 15 min 15000 rpm at 4°C. 
. Wash pellets with 250 pi 70% Ethanol. Dry pellets (5' in Speed Vac). 

Resuspend pellets in 10 pi water. Store extracts at -20°C. 

riprtrn poration 

For a large number of electroporations: 

Take a large ice-bucket and line up the electrocuvettes according to the* number. 
. Alongside the cuvettes line up sterile eppendorf tubes numbered as the cuvettes 
but also carrying the clone-name. To every tube add 1 pi of yeast plasmid DNA-extract. 

Z2 selective plates M9-Leu with the date, the name of the clone as well as 

the number of the cuvette. i i 

Fill sterile eppendorf tub* marked with covette number and clone name - 1 ml 

with elecrocornperen. Erf (Strain MC.066 fcr selection on Uu 
and Trp). Keep vial on ice. 
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To every 1 ^1 yeast DNA sample add 20 I electrocompetent cells; mix and transfer 
the mix to the cold electroporation cuvette. 

Do the electroporation directly. Set the Biorad electroporator on 200 ohms 
resistance; 25 ^F capacity; 2.5 Kvolts. Wipe cuvettes dry with a tissue paper and tap 
5 them to remove any trapped air-bubbles. Check if suspension makes contact with both 
electrodes. Place cuvette in the cuvette holder. Do the electroporation; time constant 
should be similar for every electroporation (around 4.7). 

Directly add 1 ml SOC into the cuvette and transfer the cell-mix into sterile 

Eppendorf tube. 

10 Let cells recover for 30 min at 37°C, spin the cells down 1 min, 4000 g and pour 

off supernatant. Keep about 100 nl medium and use it to resuspend the cells and spread 
them on selective plates (e. g. M9-Leu plates). Pipet the suspension over the glass beads 
and directly shake the plate to prevent a clustering of cells on the place where they have 
been pipetted (especially when plates are a bit dry). 

15 - Incubate plates for 36 h at 37°C. 

Note: Wash the electrocuvettes and the caps with tap-water (apply high pressure to force 
out any remaining cells); rinse them with double distilled water and then with ethanol and 
let them dry. Close the cuvettes with the caps and store them in the supplier case 
according to their number. 

20 Preparation of electrocom petent cells 

Inoculate 1 liter LB with a 10 ml o.n. pre-culture of the E.coli strain of interest 
(MCI 066 for Two Hybrid-plasmid rescue). 

Grow to an OD 60 o of around 0.6. (It should not be higher than 0.8). 

Chill culture on ice and in cold-room for 1 5 min. From now on keep cells cool and 

25 handle with care. 

Pellet cells 1 5 min 3000 g at 4°C. 

Resuspend cells in 1 liter cold sterile water. 

Pellet cells 1 5 min 3000 g at 4°C. 

Resuspend cells in 500 ml cold sterile water. 
30 • Pellet cells 1 5 min 3000 g at 4°C. 

Resuspend cells in 20 ml sterile 10% glycerol. 

Pellet ceils 1 5 min 3000 g at 4°C. 

Resuspend cells in 2 ml sterile 10% glycerol and complete up to a final volume of 
3 ml (about 3. 10 10 cells /ml). 
35 Distribute in aliquots of 50 \il or multiples of that. (You'll take 50 jil per normal 

electroporation and 20 fil when you have to rescue a large number of plasmids). 
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. Freeze the aliquots in dry Ice/EtOH but take care to prevent traces of EtOH 
entering into the tubes) and store at -80°C. 
H : Plasmid Minipreps from E.coli 

Materials 

* STET buffer . 
8% Sucrose 
50 mM EDTA pH8 
10mMTrisHClpH8 

0.5% Triton X100 

* 20 mg/ml freshly made Lysozyme (dissolved in water). 

* EtOH/NH4Ac: mix 6 volumes of ethanol with 1 volume of 7.5 M NKU Acetate. 

* 70% Ethanol. 

* TE pH8. 

STET/Lysozyme: for 10 minipreps: 3 ml STET + 250 ul 20 mg/ml Lysozyme 

15 Experiment 

Start with 2 ml bacterial cultures grown overnight. 
. Transfer 1 5 ml to non-sterile Eppendorf tubes, pellet cells by centrifugauon 20 
sec discard the supernatant by overturning the tubes. Keep about 100 ul medium and use 
to resuspend the cells with vortex. Be careful! all the cells must be well resuspended. 
Add 300 1 STET/Lysozyme buffer. 
Keep on ice for 5 min. 

Incubate 2 min at 100°C (use hot-block rack for transfer). 

Put on ice. 
Spin 15 minat4°C. 
Take out the pellet with a toothpick. 
Add 750 ul EtOH/NH+Ac to supernatant, vortex. 
Spin 10 min, wash with 500 ul 70% EtOH, dry pellet (5 min in speed-vac). 
Dissolve pellet in 50 % pi TE by incubation at 65 jC for 5 min and vortex. 

I : Yeast Transformation 

30 Adapted from: Gietz et al, Yeast 11, 355-360, 1995. 

Material 

* 2 ml eppendorf tubes. 

* 50 ml tubes. 

Media 

35 * liquid medium for preculture: YPglu or selective medium when the yeast stram 

harbors a plasmid. 

* plates for plasmid selection. 



20 



25 



WO 99/42612 



38 



PCT/IB99/00323 



Solutions 

* Yeast carrier DNA (Clontech ref: K 1606- A). 

* 1M Li Acetate (filter sterilized) (Fluka ref: 62395). 

* lOx TE (100 mM Tris pH 7.5 ; 10 mM EDTA) autoclaved. 

* Sterile distilled water. 

* Prepare 0. 1 M LiAc/TE solution by mixing: 
100 ml lMLiAc 

100 ml lOxTE 

800 ml sterile distillated water. 

* 40% PEG 4000 (Merck ref:807 490) filtrated on Nalgene (0.2 

40 g of PEG 4000 
10 ml IMLiAc 
lOmllOxTE 

add H 2 0 to a final volume of 1 00 ml. 
Experiment 

* For one transformation you need 10 ml of culture (OD = 0.6; with our 
spectrophotometer, 1 OD corresponds to 10 7 cells per ml) which will be finally 
resuspended in 50 \il 0. 1M LiAc/TE. 

* all steps are performed at room temperature. 

Set up a preculture of the strain in 20 ml of appropriate medium the day before. 
Grow o.n at 30°C until saturation. 

Inoculate 50 ml of medium (for 5 transformations) at 0.15 OD with the o.n 

preculture. 

Grow until OD = O.6. 

Centrifuge the cells in 50ml sterile tubes at 5000 g (4000 rpm)for 3 min. 

Discard the supernatant by overturning the tube. 

Resuspend the pellet with 2 ml of sterile water. 

Transfer into an 2 ml eppendorf tube. 

Centrifuge the cells at 4000g (6500 rpm) for 1 min. 

Repeat the washing twice with 2 ml of water and twice with 2 ml of LiAc/TE 
solution. 

Centrifuge at 4000g 1 min. after each washing and resuspend each time the cells 
by vortexing. 

Resuspend finally the pellet with 200 f-il of LiAc/TE solution. Adjust to 250 \il 
In the meantime, mark your tubes. Do not forget one tube without plasmid DNA. 
Distribute in sterile 1 . 5ml Eppendorf tube: 
- 1 nl plasmid DNA (from a mini-prep or at 0.1 mg/ml) 
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- 5 \i\ Yeast carrier DNA 

- 50 nl of cells 
-350 \i\ of 40% PEG. 
Mix by inversion. 
Incubate 30 min at 30°C. 

Heat shock cells at 42°C for 20roin. 

Add 700 nl of water. Mix by inversion. 

Spin cells for 1 min in a microfuge at 4000 g. Discard supernatant. 

Resuspend the cells with 100 pi of water. 

Spread the cells on appropriate medium plates and incubate at 30°C for two-three 

days. 

J : Characteristics of the FRYL Library 

- Origin of the plasmid: pACTIIst. 

- Origin of the genomic DNA: strain Ym955 (a gift of M. Johnston). 

Ym955 genotype : Mat a ura3-52, his3-200, adeMOl, lys2-801, leu2-3,112, 
t rpl-901,tyrl-501,gal4-542,gal80-538. 

Note : his3-200, trpl-901. ga!4-542 and gal80-538 are deletions of the whole coding 
sequence. 

Library construction into E.coli 

FRYL Genomic library was made according to the procedure of Elledge et al 

(PN.AS., 1991, 88, 1731-1735). 

. Genomic DNA was sonicated, made blunt by 3 modification enzymes (Mung 
bean nuclease, T4 DNA Polymerase and Klenow fragment). Adaptors were hgated to 

blunt ends. . . 

Adaptors were designed to allow blunt ligation at one extremity and cohesive 

ligation with a 3 nucleotides overhang at the other end. 

Sequence of adaptors: 

5'-ATCCCGGACGAAGGCC-3' 

5'-GGCCTTCGTCCGG-3' 

Only the former was phosphorylated before annealing to avoid self-l.gat.on of the 

adaPt °After ligation the inserts were purified from free adaptors and small fragments on 

a Chroma Spin column (Clontech). 

- The pACTIIst vector was digested with Bamffl and the extremit.es were filled-in 
with dGTP by the Vent (Exo ) polymerase (New England Biolabs), generating extremities 
complementary to the 3 nucleotides overhang of adaptors but preventing self-hgafon of 
the vector. (Bamffl sites are reconstituted at each end of the insert). 
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- Inserts and vectors were ligated together and ligation products were used to 

transform E. coli MR32. 

5.10 6 clones were obtained. All transformants were scraped from dishes and the 
pool of transformants was frozen in LB/glycerol. The titer of the library is 1-2. 10 9 

5 transformants/ml. 

F coli FRYL Libr ary characteristics: 

- 5 10 6 clones 

- 72.5% with insert Le 3.6x1 0 6 clones. 

- mean length of DNA fragments: 700 bp 

10 3.6xl0 6 clones represent 3.6xl0 6 independent genomic fragments i.e. 3.6xl0 6 random 
fusion points in the genome. 
Yeast genome : 14x10* bases 

In the FRYL library, the yeast genome is cut every 4 bases (14xl0 6 divided by 

3.6xl0 6 ). 

15 FRYL library transformed in the Y187 yeast strain 

The Y187 yeast strain is transformed according to standard procedures with the 
FRYL library DNA. As many as possible transformed yeast colonies are collected and 

pooled. Aliquots are stored at -80°C. 

Typically, several hundreds plates are used to allow the growth of 10.000 to 
20 30.000 colonies per plate (90 mm diameter). Ideally, three times more yeast colonies than 
the initial number of E coli clones should be collected. The same calculation occurs to 
estimate how many yeast diploid cells should be screened to cover the original library. 
FRYL E. coli library : 5.10 6 clones. 
FRYL yeast frozen library : around 15. 10 6 clones. 
25 Diploids to be tested : 45. 10 6 cells. 

The mating efficiency is usually above 20% and often around 50%. 

A 

1. Vial should co n tain at least 410 cells 
Theoretical calculation: 
(l-p) = (l-l/n) N 

30 N - number of clones that are tested (number of yeast colonies) 

n = number of original clones (number of E. coli clones) 
p = probability to test a given clone of the original library. 
For example: with n = 5.10 6 E. coli clones 
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N 


P 


23. 10* 


99% 


15.10* 


1 95% 


13.10* 


93% 


7.6.10* 


78% 


7.15.10* 


76% 



K • Gene Disruption and Complementation . 

' L disreptions we. perfomted with . Wi c*sse«e *J enure ORF 

(Baudin « al., 1993). BMA64 dip.oid ceils were transformed with a PCR-denved to 
»^ .1» transfonnants were re-isolared and disruptions were — by 
Southern analysis. Ate tared dissect spores were incited on net ^una BC 
for three days and olones were then replica-plated on rtch medtum and on -W plares and 

30- and 37-C. For those gertes found essential, the dip.o,d ™ 
whh a pUstnid encoding a » hrsion pro,«n seleored duting * »£W 
Lea Tetrads were then dissected in order to res, the complementatton of*, rhstuptron 
by the expression of the fusion gene. 
L : Construction of the FRYL library 
- Protocols. 

Step 1. Preparation of yeast genomic DNA from Ym955 strain 

according to standard procedure; 

- Origin of the genomic DNA: Ytn955 (a gift of MJohnston). 

y2E - ura3 52, his3-200, adeMOl, lys2-801, len2-3,112, trpl-901, tyrl-501, 

oa!4-542 gal80-538. 

his3 200 trpl-901, gal4-542 and gal80-538 are deletions of all codmg sequences. 

Step 2. Preparation of randomly sheared yeast DNA by sonication 

44 pg of yeast genomic DNA in a volume of 100 ul were sonicated to an average 
size of 1000 bp (range size 200 bp-2000bp). 

Step 3 B.unting the DNA fragments ends with Mung-Bean nuclease 
treatment and T4 DNA polymerase repair 

Tit sheared DNA at a concentration of 0.2 mg/ml was treated wxth 40 unrts of 
Mung-Bean nuclease in a final volume of 200 ul for 30' at 30°C. 
.Phenol-chloroform extraction and precipitation withethanol. 
. xLved the sheared DNA (40 pg) in 143 ,1 of H,0; 40 umts 

polymerase, 100 pM dNTP in a final volume of 200 pi for 10 at 37 C. 
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- Added 1 1 units of Klenow enzyme and incubated for 10' at room temperature and 1 hr 
at 16°C. 

- Phenol-chloroform extraction and DNA precipitation with ethanol. 

- Dissolved the precipitated DNA in 10 of H 2 0. 

Step 4. Preparation of the adapters for ligation with the sheared yeast DNA 

Mixed : 3 \ig oligo 160 

3 \il ATP 10 mM 

3 nl 10 X T4 polynucleotide buffer 

1.5 \i\ T4 polynucleotide Kinase (10 u/\il) 

H 2 0 qsp 30 pi. 

Incubated 30' at 37°C followed by 5' at 95°C Added 15 \l\ (30 ng) of oligo 159. 
Incubated : 5* at 95°C, 10* at 68°C, 15' at 42°C, 10' at room temperature. 
Sequence of the oligo pL 160: 5-ATCCCGGACGAAGGCC. 
Sequence of the oligo pL 159 5'-GGCCTTCGTCCGG. 

Step 5. Ligation of adaptors to the sheared DNA 

Added to the 10 jil of sheared yeast DNA from step 3: 38 \i\ of adaptors from 

step 4, 

6 pi 10 X ligation buffer, 3 \i\ BSA lmg/ml, 0.6 |il DTT 1M, 1.2 \i\ ATP 10 mM, 
1 jil T4 DNA ligase (Biolabs 2000000 U/>il). 

- Incubated at 4°C overnight. 

- Added 1 \i\ T4 DNA ligase and incubated 24 hrs at 1 5°C 

- Added 40 \i\ of H 2 0 to the ligation. 

Step 6. Purification of the DNA from unligated adaptors and its size 
fractionation on a Chroma-spin 400 column (Clontech ref:K1323-l) 

Split the solution into two aliquots of 50 jil each. 

- Fractionated one aliquot on a chroma spin 400 column according to the 

manufacturer instructions. 

- Collected the 1st fraction from the column in a final volume of 50 \xl 

Preparation of the vect or pACITI St. 

Step 7. Digestion vector with the restriction enzyme BamHI 

Digested to completion 20 >ig of pACTHstop vector with BamHI restriction 

enzyme in a final volume of 100 (il at 37°C 

The vector has been phenol-chloroform extracted and precipitated with ethanol. 
Step 8. Dephosphorylation of the vector ends 

- 20 jig of pACTIIst from step 7 were dephosphorylated with 3 units of calf 
intestinal alkaline phosphatase in a final volume of 1 10 \il for lhr at 37°C. 
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. The phosphatase was inactivated by adding 1,1 of a 0.5 M solution of EDTA ph 

8 and incubation 10' at 75°C. 

. The solution was phenol-chloroform extracted and the DNA recovered by 

ethanol precipitation. The DNA was resuspended with 100 pi of TE pH8. 
Step 9. G-filling-in of the BamHI cut-vector 

To fill-in the ends of the vector with dGTP the following reactions were set up: 
50 pi (10 ug) pACTIIst cut BamHI from step 8 
15 pi Vent polymerase buffer lOx 
6 pi dGTP lOmM 
5pltritonX100 
H 2 0 qsp 145 pi. 

- Incubated the solution 5' at 72°C. 

- Added 5 units of exo" Vent DNA polymerase. 

- Incubated 1' at 72°C. 

- Put the reaction on ice. 

. The DNA was extracted with phenol-chloroform and recovered by ethanol 

precipitation. 

- Dissolved pACTOst in 100 pi ofTEph 8. 

Step 10. Ligation sheared yeast genomic DNA from step 6 into pACTIIst 

VCCt0r *Z tl following reactions were set up to ligate an aliquot of randomly sheared 
yeast DNA to the pACTIIst vector: 

50 pi pACTIIst vector (5 ug) from step 9 
25 pi yeast genomic DNA (5 pg) from step 6 
2 5 50 pi T4 ligase buffer 1 0 x (Biolabs) 

365 pi H 2 0 

2 pi T4 ligase 2000000 u/pl Biolabs 

- Incubate the reaction overnight at 15°C. 

- The ligation reaction was precipitated with ethanol. 

30 Step 11. Preparation of the library into E. coli strain MR32 

The ligation was resuspended in 50 pi of H 2 0. Each 2,5 p. of hgahon were 
independently electroporated into 50 pi of electrocompetent E. cob strain MR32 cell. 
Each electroporated tube was diluted in 1ml SOC buffer. The 20 ml of 
were pooled. 50 pi were plated on LB plate + ampicillin to get a density of 13000-20000 

" Cfb/Pla The library into the pACTIIst vector consists of 5.10 s independent transformants. 
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- Transformants of the library into pACTHst were washed away with 3ml/plate. 
750 ml of LB medium at a concentration of 43 ODooo/ml were collected. 

- Aliquots of the bacterial FRYL library were stored at -80°C (2.10 9 c*Us/ml/vial). 
. xhe rest of the cells was collected by centrifiigation and the cell pellet used for 

5 plasmid preparation. 

Step 12. Plasmid library preparation 

Plasmids were collected using Qiagen columns according to manufacturer 
instructions. 

- The plasmid library was dissolved at a concentration of lmg/ml. 
10 Preparation library into Yeast strain Y187 

Step 13. Yeast transformation 

. 400 ng of plasmid library were used to transform 1 liter of Y 187 yeast strain 
cells at a concentration of 0.9 OD JrrH according to standard conditions. 

- Transformants were plated on solid synthetic media lacking leucine at a density 

15 of 10000 cfu/ plate. 

- 13 x 10 5 independent transformants were obtained for the FRYL1 library. 

- Y187 transformants that constitute the library were collected in 1400 ml of 
YPGlu at a concentration of 90 u. ODsoo/ml; 40 g. of 100% glycerol were added per 100 
ml of yeast transformant solution and the library was aliquoted in 1212 vials at 1,5 ml/vial 

20 (4 x 10 8 cells/vial) and stored at ~80°C. 
M : Media 

Yeast media 
YPGLU 

1% yeast extract 
25 2% bactopeptone 

2% glucose 

10 g Bactopeptone (Difco ref: 01 18-17-0) 
10 g Yeast Extract (Difco ref: 0127-17-9) 
20 g Glucose (Merck ref: 1.08342) 
30 Fill to 1 liter with distillated water 

Shake until all ingredients are dissolved 

For plates add 20 g Bacto-agar (Difco ref:0 140-01) 

Autoclave 20 min, 1 10°C (at higher temperatures sugars and amino acids might be 
degraded), let cool to 60°C, (when required add antibiotics) mix gracefully so that no 

35 bubbles are formed. 

Pour sterile plates: 25 ml per plate. 
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Drop-Out yeast medium 

6.7 g Yeast Nitrogene Base w/o amino acids (Difco ref:0919-15-3) 

20 g D-glucose (Merck ref: 1.08342) 
2 g drop-out powder mix (see below) 
Fill to 1 liter with distilled water 
Shake/stir until all ingredients are dissolved 
For plates: add 20 g bacto-agar (Difco ref:0140-01), mix 
Autoclave 20 min, 1 10°C (at higher temperatures sugars and amino acids might be 
degraded), let cool to 60«C, (when required add antibiotics) mix gracefully so that no 

bubbles are formed. 

Pour sterile plates: 25 ml per plate. 
The four Two-hybrid drop-out mixes are: 

-W (selection on bait plasmid); 

-L (selection on library plasmid); 

-LW (selection on both plasmids); 

-LWH (selection for both plasmids and two-hybrid interaction inducing the HIS3 
reporter),^ ^ ^ ^ ^ ^ ^ ^ ^ conc entration between 1 mM to 50 mM 

depending on the bait). 

* Tetracycline (12 mg/ml stock solution) is added after cooling the agar to 60 C. 

* 3-Amino 1,2,4 Triazole (3-AT Sigma Ref: A-8056) is added after cooling the 
agar to 60°C using a 1M stock solution. 

Drop-out powder mix: 

Mix 2 g of each component: 
Adenine; Alanine; Arginine; Asparagine; Aspartic acid; Cystein; Glutamic acid; Glutamme 
Glycine; ffistidjns; Isoleucine; Lysine; Methionine; Phenylalanine; Proline; Senne; 
Threonine; Tyrosine; Tryptophan; Uracil; Valine; 

plus 4 g of Lsusias. 

In total 22 essential components from which the underlined ones have to be 
omitted in the case of the two-hybrid drop-out mixes. 
BACTERIAL MEDIA 

SOC buffer 

2% Tryptone (20 g/1) 

0.5% Yeast Extract (5 g/1) 

lOmMNaCl (0.58 g/l) 

2.5mMKCl (0.19 g/1) 

lOmMMgClz (2 03 g/1) 
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10mMMgSO 4 
20 mM glucose 



(2.46 g/1 for MgS0 4 7H 2 0) 
(3.6 g/Q. 



M9 drop-out plates 

1 g drop-out mix (the same as for yeast medium) (for library plasmids M9-leu: -L; 

5 for bait plasmids M9-Trp: -W), 

20 g bacto agar in 878 ml double distilled water, 

Autoclave for 20 min at 1 10°C. 

Let cool to 60°C. 
Add asceptically: 
10 100 ml 10 x M9 (autoclaved) 



Adjust to pH 7.4. 

* One plate is needed for every rescue. 
EXAMPLES 

Example 1 : Complete yeast genome screening in a two-hybrid strategy 

25 We constructed a yeast genomic DNA library into a derivative of the pACTII 

two-hybrid bait vector (Clontech). The genomic DNA was sonicated and cloned 
following a procedure that prevents the cloning of multiple fragments in the same plasmid 
(see Experimental Procedures, Elledge et al., 1991). We recovered 5.10 6 independent E. 
coli clones that were pooled to constitute the FRYL library. We analyzed 40 independent 

30 clones: 72% of them contained an insert 200 to 1400 nt long. The average size of the 
inserts was 700 bp. Considering the size of the yeast genome (14.10 6 bp), a fusion event 
occurs statistically once every four bases, leading to an in frame fusion between the Gal4 
activation domain and a yeast ORF once every 24 nucleotides. One can expect to find 
several times a given ORF as independent clones in a complete screen of such a library. 

35 However, the probability of the selection of a given fusion depends on the length of the 
interacting domain and on the position of the interacting domain along the coding 



15 



10 ml 20% glucose (autoclaved) 

2 ml 1M MgS0 4 (autoclaved) 

10 ml 20 mM CaCl 2 (autoclaved) 

1 ml 1000 x Ampicilline (100 mg/ml stock) 

Pour plates (20 ml/plate). 



20 



for 1 liter of 10XM9: 
60 g Na 2 HP0 4 ; 
30 g KH 2 P0 4 ; 
5 g NaCl; 
10gNH4Cl 



sequence. 
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These parameters predict that all candidates fall in 5 categories (Figure 1). The 
four A categories correspond to yeast ORFs. The B category corresponds to fused 
polypeptides located in an intergenic region, in the reverse orientation of an ORF, in a 
non-polvpeptide encoding region (rDNA, telomeric DNA, mitochondrial DNA) or in . 
Tv retrotransposon element. A1-A4 candidates encode potentially interesting fused 
polypeptides. Their inserts start either inside the ORF coding sequence or upstream the 
initiation codon. The Al category consists of candidates found several times as 
independent clones. The three other A categories correspond to candidates found only as 
a single fusion, even if the same clone is found several times. The A2 category consists of 
fusions starting close to an initiation codon of a yeast ORF and at a distance smaller than 
150 bases from the in-frame stop codon located upstream this ORF. These candidates 
correspond to amino-terminal interacting domains. For such interacting domains, fewer 
candidates are expected since in-frame non sense codons upstream of the yeast ORF 
interrupt its translation. The A3 category candidates contain large coding inserts (over 
1000 bases). This category may correspond to preys with a large interacting domam. 
Since the average size of inserts is 700 nt, candidates with large interacting domains are 
underrepresented. The A4 category contains the other candidates. We cannot predict why 
these clones are found only once, although several hypotheses can be proposed, such as 
incorrect folding or toxicity of fusion proteins (Fields and Jang, 1996). Most candidates 
, m the A categories are fused to the Gal4 sequence in the reading frame of the yeast gene. 
However, several of them are out of frame and we show that, at least in some cases, 
frameshifted translation occurs (see below). In the Tables, the out of frame candidates are 

labeled with an asterisk. 

The classification of interacting candidates found in a two-hybnd screen requires a 

5 reproducible experimental protocol that allows a complete coverage of the .library. For 
this purpose, we developed a mating strategy (Figure 2; see also Experu^ental 
P JZes). In brief, we transformed the Y187 strain with the FRYL library DNA 
Thirteen million yeast colonies, corresponding to an almost complete coverage of the E. 
coli library were recovered, aliquoted and frozen. Independently, bait plasmids were 
J0 introduced in the CG1945 strain. The Y187 strain contains a sensitive ImcZ reporter gene 
whereas the CG1945 strain has a non-leaky HIS3 reporter gene that enables the selection 
of positive diploids in the absence of 3-aminotriazol (3-AT). The mating procedure 
allows a direct selection on selective plates because the two fusion proteins are already 
produced in the parental cells. No replica plating is required. We routinely obtam a 20% 
35 mating efficiency and regularly up to SO-Zo mating efficiency. Screening ft* 

diploids ensures the coverage of the yeast library. The X-Gal assay is d*ectly performed 
on His* colonies. Prey plasmids from all colonies are sequenced at the Gal4 junction. 
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The bait plasmid is one of the key parameters for a two-hybrid screen. The pAS2 
vector encodes a GAL4-DNA binding domain. It was found very efficient for protein- 
protein interaction analyses (Legrain et al., 1994). However, the CYH2 gene was found 
toxic when overexpressed (roughly 10% plating efficiency for cells containing this 

5 plasmid, as opposed to 80% for cells transformed with a derivative of pAS2 deleted for 
the CYH2 gene, data not shown). This is a serious limitation for large scale screens. In 
addition, poor specificity was observed in screens due to the presence of the HA epitope. 
After deletion of this sequence, we obtained 10 times less Hs + , LacZ + colonies in a two- 
hybrid screen with Prp21p (data not shown). For these reasons, baits were cloned as full 

10 length ORFs into the pAS2AA vector which was devoid of the CYH2 gene and the HA 
epitope (see Experimental procedures). Expression of the fusion proteins was controlled 
by western blot (Figure 3). Fusion proteins were detected roughly at the expected 
molecular weight. 

Example 2 : Exhaustive two-hybrid screens with yeast proteins are highly selective 
15 and point toward limited sets of interacting proteins 

The ten proteins chosen as initial baits in two-hybrid screens are nuclear proteins 
impUcated in the pre-mRNA splicing pathway (Table 1). Smdlp and Smd3p are core 
proteins of the snKNP particles, Snplp and Mudlp are specific proteins of the Ul snRNP 
(yeast homologues of human U170K and U1A respectively), Mud2p is associated with 

20 the Ul snKNP during early steps of spliceosome assembly, Yir009w is a U2 snRNP 
particle protein (the yeast homologue of the human U2B"), Prp9p, Prpllp and Prp21p 
are the three components of the yeast SF3a factor associated with the U2 snKNP particle 
and Cuslp is the first identified component of the yeast SF3b factor, also associated with 
the U2 snRNP (see for review Beggs, 1995; and also Tang et al., 1996; Wells et al., 

25 1996). 

The number of His + colonies varied considerably among the various screens (58 to 
17000, Table 1). However, the number of His + , LacZ + colonies was less variable (10 - 
86), allowing a selection of roughly one positive clone for one million diploid (ranging 
from 0.1 to 4 per million). The number of recovered and identified candidates was usually 

30 very close to the initial number of Hs + , LacZ + colonies (Table 1). Thus, the collection of 
identified clones is a fair representation of the initial clones selected in the screens. Preys 
were sequenced and grouped according to the classification described above (Figure 1). 
As illustrated in Figure 4, the various baits behave differently. The ratio of identified loci 
out of the number of selected preys varied from bait to bait (e.g. 8 out of 61 in the 

35 Mud2p screen as compared to 30 out of 46 in the Snplp screen). In addition, the 
categories of preys were differently represented in screens selecting few clones (e.g. 13 
preys falling in two Al, two A2 and two A4 in the Cuslp screen and 9 preys falling in 
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two A2 three A4 and one B in the Mudlp screen). Finally, we note that B k» can be 
efficiently selected as multiple independent fusions. The most likely mterpretaUon . the 
selection of a given artificial polypeptide that interacts strongly with the bait. Witlun a 
screon, typically two or three ORFs fall into the Al category. Many preys are proteins of 

5 ^function and some of them were in turn used as bait, (Table iy They also 
behaved differently from one another (Figure 4), but in every case, few ORFs were 
selected again, allowing the choice of a novel prey as bait for a third round of screening. 
Example 3 : Two-hybrid screens with known proteins identify novel protein- 
protein interactions with potential biological significance 

The first round of screening was done with known splicing factors. All selected 
ORFs are listed in the following tables according to the official yeast ORF nomenclature 
with their gene name and their function, when available (Tables 2 to 7, Garrels, 1996). 
The category of candidates (Figure 1) is given for each ORF. 

The Smdlp and Smd3p screens select 8 and 1 1 different ORFs respectwely, with 

15 two Al candidates in each case (Table 2). One Al Smd3p candidate is Yer029c, a 
protein that exhibits Sm motifs shared by core proteins of snRNP particle, (Hermann et 
al., 1995; Seraphin, 1995). This new protein was used for a second round two-hybnd 

screen (see below). .01 a 

Screens performed with the two Ul snRNP-associated proteins, Snplp and 
20 Mudlp reveal two extreme situations (Table 3). We found 42 clones in 28 different 
^uc'loci with Snplp as bait, including five Al ORFs. Among the Al ORFS there were 
Lscriptional factors, including Swilp, that were also obtained with other bans (see 
below). In contrast, only eight candidates falling in five genetic loa were found with 
Mudlp, none of them falling in the Al category. None was considered for further 

* 

15 m * m L Mudlp screen is very striking (T-Me 4): only .even ORFs were selected, one 
of them, Ylrll6w. repr«er«ed by more that 60% of the clones. This unknown yean 
gene was chosen as bai. in a second ronnd two-hybrid screen. Two odter candutaes of 
unknown functions are rite Lpg4p and rite Stny2p proteins, which ere htghly homologous 

30 with each other. 

The Yir009w (U2BOO) screen identified two genetic loci in the Al category 

(Table 5). One of them, YLR456W, encodes a protein of unknown function that was 
chosen as a second round bait. 

Screens were also performed with Prp9p, Prpllp and Prp21p (Table 6). Prp9p 
35 and Prpllp were previously shown to interact with Prp21p altogether forming the yeast 
toXe of the human SF3a splicing factor (Bennett and Reed, 1993; Brosi et al., 
1993; Legrain and Chapon, 1993). The Gal4-Prp9p fusion could not be used due to a 
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very strong direct activation of reporter genes, and the two-hybrid screen was performed 
with the LexA-Prp9p fusion as bait and in the presence of 5mM 3-AT to eliminate a high 
background of residual growth. Still the expected PRP21 prey was found among 14 
different genetic loci. The Prpllp screen selected 17 different ORFs. Five of them 
correspond to the Al category, Prp21p being the most represented. The Prp21p screen 
confirms known interactions with the two other SF3a subunits: Prp9p and Prpl lp are 
found among the 13 different ORFs. Prpllp is the only Al candidate. Note that Prp9p 
which interacts with Prp21p in its ammo-terminal domain (Legrain et al., 1993) was 
selected as an A2 candidate, illustrating our prediction regarding this category. Finally, 
we note the presence of a common All A3 candidate, Ynr053c, in the Prp9p, Prpl lp and 
Prp21p screens. The YNR053C gene contains an intron downstream of a large exon 1 
(810 nt) and we always select the same fusion including the two exons. 

The Cuslp screen selected thirteen clones, all falling in six yeast ORFs (Table 7). 
Yor319w found as an A2 candidate exhibits a strong homology with SAP49, one of the 
human SF3b components (Wells et al., 1996) and was chosen as a second round bait. 
Example 4 : Second and third round two-hybrid screens with unknown proteins 
reveal novel interactions with relevant known proteins 

Four proteins of unknown functions selected as Al or A2 candidates were chosen 
for second round screening (Table 8). In three screens (Yer029c, Ylr456w and Ylrl 16w) 
the initial bait (SmD3p, Yir009w and Mud2p, respectively) was not found in the set of 
preys. In addition, in Yer029c and Ylr456w screens, no Al candidate was found and no 
further experiments were performed with these proteins. The Ylrl 16w screen selected 1 1 
ORFs, including two Al (Smy2p and Lpg4p). Two splicing factors, Prp39p and Prp22p, 
were found among the preys. Thus, an unknown protein, Ylrl 16W, selected as prey with 
a splicing factor, Mud2p, can in turn select splicing factors, strongly suggesting that 
Ylrll6w itself participates in the splicing pathway. Furthermore, the Mud2p and 
Ylrll6w screens have several preys in common, including Smy2p, Lpg4p and Prp39p, 
suggesting that these five proteins participate in a common complex. 

The Yor319w screen selected 9 preys falling in 4 different ORFs, two being in the 
Al category. One of them is Cuslp, confirming the initial interaction detected with this 
protein as bait (Table 7). The second Al candidate is Yjr022w. A careful analysis of its 
aminoacid sequence revealed that this protein contains the Sm motifs common to the core 
proteins of the snRNP particles (see Discussion). We used this Yjr022w protein as a bait 
for a third round two-hybrid screen (Table 9). Nineteen ORFs were selected, including 
the initial bait that selected Yjr022w (Yor319w). We also find two other Sm proteins 
including Usslp, a U6 snRNP-associated protein (Cooper et al., 1995). This result 
suggests a connection between the U2 and U6 snRNPs (see Discussion). 
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A two-hybrid assay was also systematically performed with LexA-fusion baits for 
all preys selected in the Gal4-fusion screens (Tables 2-9). The LexA-fusion assay allows 
us to check whether the two-hybrid positive signal is independent from the DNA bmdmg 
domain used as a fused polypeptide. Most preys selected by a Gal4-fusion were posiUve 
in the LexA-fusion assay, except for the Yir009w and the Yjr022w screens (6 and 9 
negative preys out of 19, respectively). Thus, preys are mostly selected by the intnnsic 
domain of the bait fused to the Gal4 domain and not by the Gal4 domain itself or by a 
possible hinge domain formed in the fusion protein. However, we note that the 
experimental conditions for this two-hybrid assay are probably less stringent than those 
used during the screening procedure (see Experimental Procedures). 

Altogether 170 preys were selected in the 15 screens and correspond to 145 
different ORFs, implicated in different cellular pathways. Nine ORFs are involved in pre- 
mRNA splicing, six in other RNA metabolisms, ten are involved in transcription and four 
are protein kinases or phosphatases. Other known ORFs are proteins implicated m many 
different functions. Fifty per cent of the selected ORFs correspond to new proteins for 
which one now has a starting point for a functional analysis. This proportion ,s similar 
whether the screen is performed with a known protein (first round) or not (second and 
third round). Finally, among the selected ORFs, we note the presence of five unknown 
ORFs which exhibit homology with known human splicing factors. Ylrll6w and 
Yor319w were recently found homologous to human splicing factors SF1 and SAP49, 
respectively (Arning et al., 1996; Wells et al., 1996) and Yer029c, Yjr022w and 
Ybl026w/Snp3p exhibit Sm motifs found in snRNP core proteins (see Discussion). 
Example 5 : Overlapping fragments selected in two-hybrid screens define 

interacting domains 

Al candidates correspond to independent fusions covering fragments of the same 
ORF The comparison of the 50 and 30 junctions of these fusions allows the definition 
of a minimal fragment necessary for the interaction with the bait protein. Such an example 
for Smy2 P and Lpg4p, two preys selected in the Mud2p and the Ylrll6w screens, is 
illustrated in Figure 5A. All clones share a common region. The deduced mining 
fragment in Smy2p required for the interaction with Ylrll6w covers 254 aminoacid 
residues (aa 191 - 402). Only one SMY2 fusion was selected in the Mud2p screen (aa 14 - 
402) Similarly, the minimal fragments of L P g4p sufficient for the interaction with Mud2p 
and Ylrllow can be determined: 113 residues (aa 150-262) and 129 residues (aa 140- 
268) respectively. In addition, Smy2p preys selected in the Ylrll6w screen also interact 
with Mud2p and the smallest Lpg4p prey selected in the Mud2p screen interacts with 
Ylrl 16w (data not shown). This leads to a minimal size of 212 residues (aa 191-402) and 
113 residues (aa 150 - 262) for the interacting domains in the Smy2p and Lpg4p proteins, 
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respectively. Taking into account the fact that Smy2p and Lpg4p are homologous over 
their entire sequence (similarity: 55%; identity: 38%), our results strongly suggest that 
Lpg4p and Smy2p share a common domain that interacts with Mud2p and Ylrl 16w. 

Mud2p and Ylrll6w also interact together (Table 4). Ylrll6w and its human 
homologue SF1 contain a KH domain (Figure 5B, Aming et al., 1996). The minimal 
interacting domain of Ylrll6w with Mud2p (aa 41-141) is located upstream the KH 
domain and corresponds to a very conserved region between the yeast and human 

proteins (Figure 5B). 

Prp9p and Prpllp were previously shown to interact with Prp21p through 
domains that were defined by point mutant and deletion mutant analyses (Legrain and 
Chapon, 1993; Legrain et al., 1993; Rain et al., 1996). Here we determine more precisely 
the interacting domains of Prp21p with Prp9p and Prpllp and of Prpllp with Prp21p 
(data not shown). Similarly, we also characterize an interaction between Cuslp and a 
novel subunit of the yeast SF3b, Yor319w. The interacting domain is located in the 
carboxy-terminal region of Cuslp (aa 244-436). In conclusion, the characterization of Al 
inserts selected in two-hybrid screens allows the delineation of a imnimal fragment 
necessary for interaction. 

Example 6 : Many novel ORFs revealed in two-hybrid screens are essential for 
viability 

Many selected preys correspond to new uncharacterized ORFs. We disrupted 
fifteen of these ORFs selected as Al, A2 or A3 candidates. Seven disrupted strains 
exhibit no growth phenotype (YDR386W, YJR033C, YJR039W, YLR456W, 
YMR285C YNL023C, YPL105C), one has a slow growth phenotype (YLR357W) and 
seven disruptions are le'thal (YDR180W, YER029C, YHR197W, YJR022W, YLR116W, 
YMR117C, YNR053C). This list of new essential proteins includes i) Ynr053c, that was 
selected in several two-hybrid screens (Tables 6, 8 and 9), ii) one new splicing factor: 
Ylrll6w, the yeast homologue of human SF1, and in) Yer029c and Yjr022w which 
exhibit Sm motifs. The three latter disruptions can be complemented with fusion genes 
selected in the two-hybrid screens, indicating that the Gal4 fused domain has no 
detrimental effect and that these fusion proteins can be used as tagged proteins. 
Example 7 : Out of frame fusion genes are selected in two-hybrid screens and 

produce frameshifted polypeptides 

Among the 29 Al ORFs selected in the 1 5 screens, nine include inserts with out of 
frame fusions, two of which only represented as out of frame fusions (see Tables 2-9). 
This result demanded a more careful analysis. Eight inserts overlapping the YPL105C 
ORF were selected in the Ylrll6w screen (Figure 5 A). Five out of eight inserts are fused 
out of frame with the Gal4 domain (three in the -1 frame and two in the +1 frame). In 
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,00, w d»eren, peptides „ produ^d whe «£. «- - *- J* 
the 0,14 domain. Similarly, all inserts overlapping w«h the YEL015W OW seized m 
fc r,,022w screen „ to the -1 or in the ♦! 6am. and encode different polypnea . 
|he W frame (data no. shown). Sutisttauly, toe selection of rhese insens « the snme 
'Is via rhe production of different polypeptides is most unfikely. It certanly occurs 
through the production of fotmeshiAed polypeptides. 

Ttos conclusion is supported by two independent expenmems of M 
complememation. Getretic defeas «. corrected b, the expression of » tanealutod 
fusion ORF Prpllp was selected in the Prp21p screen as multiple tndepemfent m*rts, 
, ££^11* srarttog a. nucleotide .59 and confuting toe «-<-<»• 
C llw cebs grow ar 37 iC when wito fbia J—--** 
„PL20 plasmid encoding the FRPU wildtype gene as opposed .0 prpll cell 
Iformed with toe pACTD vector (da* no. shown). Yb.ldw « 
toes in the Mud2p screen (Tab.e 4, Figure SB), including once as a -1 frame** fu,on 
. ^o-362) Weto.sho^.huM/Wriaanessen.ialgenetifteen.eti^d.ssec.^ 
£ a diploid ahum delefed for one IUIHT auele with . 1*» c*serte exhd* on* 
L vbU. spores each, none of toem being tip'. This diploid spam was .ransfornted vnto 

r Plasndd po.enti* Peeing * W* ^ «— J— -* *» 
1£ J were sporuUted. Ten tettnds were dissected: fwo and four tetrads each 
- 3 and 4 vie spores, respectively. The additional spores were tip leu , 

bolting m tiro viabilh, depends upon toe presence of toe "" *-<<'">-• 
nihL fusion gene. In conclusion, we demons** that framed 
letndtog to a -I and a + > reading, can no** anti are indeed se.ec.ed - two-hvbnd 
screens via the production of toe frameshifted fusion prolan,. 
B ^rv^«..»d SU od.rdfz.«o.for.ra«.»d M «.f«h.W«-hybridKr«n 

P Two-hytirid screens have been mosdy used .o And an appeding partis for . gwen 
protein Ivtay positive clones are usually diactutied because .heir sapience . no. rdtod 

or because the identify prorein has no expect* U ^ 
,„ LI used as ML Here we report a reproducible strategy for exbausuve t**W 
LTI This approach ia based on rhe multiple round screentog of a yeast geoomtc DNA 
^The ntldological improvements ate: i, tite rcotine an.ya.s of toe cotnpha 
^genomic library for each screening: if) a «, spong sdectivu* n.) » 
S Ldida.es by sequence; iv, a classification of Candida toa, refleo* 4» worth fi» 
, 5 a new screen witoou. speculating on .heir function (new baits chosen among Al, A2 and 
Xlgori«); - v) u« specifics of toe identified interactions rha, cornea ou, from 
the multiplicity of the screens. 
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The strong point of this strategy is its exhaustivity. The library contains one 
random fusion every 4 nucleotides, allowing a fairly good coverage of the genome. The 
library is exhaustively screened in each mating experiment. The mating strategy is very 
easy, highly reproducible, and allows controlled screening experiments to be performed 
with exactly the same library. We favor the mating protocol on filters followed by direct 
plating on selective medium instead of replica-plating diploids (Bendixen et al. ( 1994) or 
transformation since our protocol allows a larger number of interactions to be tested. 
This contrasts with two-hybrid screens of yeast genomic libraries that have been 
previously reported. In most cases, a limited number of interactions was tested (usually 
between 4x104 and 4x105, Bendixen et al., 1994; He and Jacobson, 1995; Stutz et al, 
1995). In these experiments a low coverage of the yeast genome was achieved and 
screening was not exhaustive. Moreover, our results show that for preys found as 
multiple independent fusions, many expected fusions were not selected, probably due to 
problems in expression, stability or folding of fusion proteins. This emphasizes the 
importance of screening many interactions for recovering a set of interacting partners as 

complete as possible. 

The fifteeen screens presented in this study show that proteins used as baits 
behave differently (Figure 4). These data suggest that the distribution profile in categories 
of preys reflects an intrinsic property of the bait protein. Some profiles are simpler than 
others; the reasons for this are so far unexplainable. We expect that increasing the number 
of screens will probably reveal common features shared by proteins exhibiting the same 
profile and will facilitate the choice of future baits. 

The selection of multiple independent fusions for a given prey allows the definition 
of an interacting domain. This is an efficient and reliable alternative strategy to the 
analysis of multiple deletion mutants that must otherwise be constructed (He et al., 1996; 
Iwabuchi et al., 1993; Rain et al., 1996). We describe also that out of frame fusions are 
frequently selected and we show that, indeed, frameshifted polypeptides are produced. 
Both +1 and -1 framesbifts have been reported in yeast and might occur at high levels 
(Stahl et al., 1995). The production of out of frame fusions can be advantageous in two- 
hybrid screening since in frame fusions may represent dominant negative mutants that 
could be counterselected. Such an example is found with Prpllp preys found in the 
Prp21p screen (Table 6, see also Fields and Jang, 1996; Legrain and Chapon, 1993). 
Finding expressed out of frame fusion genes emphasizes the importance of the 
identification of the interacting clone independently of its theoretical coding capacity, 
which can best be done in a yeast genomic library screening due to the availability of the 
complete sequence of the genome. 
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interactions between Prp9p, PrpUp and Prp21p M were prcvmusly 
L^L (Ugrain and Ctapon, .993; I^ain « a!., 1993). Second,,, new spltcmg 
m« in .be ae.es of acreena surted w*h Cua.p, . yeaa, homologu. of*. 

SAP.4S protein wbich is a component of the SF3b apbeing factor (Ch»p,o» m d 
R 7 994). We firs, found .ba. Cus.p in^ac* with Yor3,9w, a y~, pro^ 
identified as highly homologous with human SAP49, a second componen. of the SF3b 
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he Sm, and Sm2 motifs found in core pro«eins of.be snRNP parfclea (Hermann «* 
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Z addMcL Sm protein Vbl026w and Uss.p. The U«er protein has b«n shown tube 
2c .1 with fe W Thus, this series of two-hybrid screws tdenufies 

L sphemg fcctors ,Vor3,9„, Yjt022w, Yb,026w> and , «• 

between the U2 snRNP and the U6 snRNP. The aasoctahon of IB and U6 snRNPs » 
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ulown Yir022w and YW026w could either be components of . novel complex tat 
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(Ylr275w) and SmB (Yer029c) proteins, respectively (Figure 6). We note that we found 
Yer029c in the SmD3p screen, in accord with biochemical studies that have shown direct 
physical interactions between the human SmB and SmD3 proteins (Raker et al., 1996). 
Each of the remaining yeast Sm proteins, except Yjr022w, is more similar to one of the 
U1-U5 associated proteins, suggesting indeed that a set of seven proteins, including 
Ybl026w, might be associated with the U6 snRNP particle (Figure 6). Yjr022w cannot be 
best aligned with a particular member of the family, suggesting that this protein plays a 
slightly different role than other Sm proteins. 

Wide scale two-hybrid screens opens the possibility to explore novel functional links 

between gene products 

In addition to interactions found between splicing factors, the finding of common 
preys in different screens suggests additional functional links. We identified interactions 
between Mud2p, Ylrll6w, Smy2p, Lpg4p and Prp39p that might constitute a novel 
biochemical complex. We found a novel ORF, Ynr053c, that is selected with six proteins 
including Prp9p, Prpl lp and Prp21p. Ynr053c is highly homologous (55% identity, 71% 
similarity) to a recently described human protein responsible for auto-immune responses 
(Racevskis et al., 1996). Many of such human proteins are implicated in RNA processing 
(van Venrooij and Pruijn, 1995). We also note that well-known transcriptional activators 
(such as Swilp) were often selected by several baits. The selection of transcriptional 
activators in two-hybrid screens is a common finding (Bartel et al, 1993) and prevents us 
from seriously considering these candidates as interacting proteins. However, functional 
links between the transcriptional machinery and the processing of primary transcripts 
certainly exist. Repeating two-hybrid screens on a wide scale will unambiguously identify 
the auto-activating domains of transcriptional activators that will be rationally discarded. 
Then, the characterization of true interacting domains for transcription factors will 
become feasible. 

Links are also found with proteins known to interfere with RNA metabolism or 
with nucleo-cytoplasmic transport such as Loslp and Senlp or Mtr3p and Nupl57p, 
respectively. However, the most intriguing result may be the selection in our two-hybrid 
screens of proteins that are not supposed to be connected with pre-mRNA processing, 
such as the cytoplasmic translational factors Tif463 1 and Tif4632 selected in the Prpl lp 
screen. These two proteins are implicated in the binding to the capped mRNAs and 
interfere with the initiation of translation. These interactions are unambiguously identified 
in two-hybrid screens, and their biological relevance must now be assessed. They may 
represent functional links that were unreached through classical genetics or biochemical 
purification. Finally, we also identify many unknown yeast proteins as interacting 
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Table 1. Characteristics of multiple rounds of two-hybrid screens. 



Two-hybrid 


biochemical entity 


baits' 




diploids 


His 


LacZ 


identified 


screen 








(XI 0 6 ) 


* • 

colonies 


colonies 


i b 

clones 


1st round 


Sm core particle 


Smdlp 




40 


88 


40 


36 






Smd3p 




52 


A J rife 

243 


50 


47 




U 1 snKJNr 


Snplp 




25 


700 


48 


AH 






Mudlp 




35 


83 


10 


y 






Mud2p c 




57 


17000 


61 


61 




U2snRNP 


Yir009w 




50 


1700 


82 


81 




yeast SF3a 


Prp9p 




4U 


1 ^fi 


oo 






yeast SF3b 


Prpllp 




48 


5800 


86 


85 






Prp21p 




58 


530 


66 


21" 






Cuslp 




60 


150 


15 


13 


2nd round 


prey of Smd3p 


Yei029c 




40 


58 


10 


9 




prey of Mud2p 


Ylrll6w 




12 


800 


52 


50 




prey ofYir009w 


Ylr456w 




39 


330 


22 


21 




prey of Cuslp 


Yor319w 




40 


130 


10 


9 


3rd round 


prey of Yor319w 


Yjr022w 


96 


10000 


74 


65 



a baits are Gal4 fusions except Prp9p which is a LexA fusion. 

b these numbers correspond to clones for which the sequence was determined and the 



phenotype double-checked (see Experimental procedures). 

c Mud2p is not an Ul snKNP protein but is found associated with Ul snRNP in early 
spliceosomal complexes. 

d the LacZ assay for Prp21p screening was performed on filter instead of following the 
overlay procedure, resulting in a poor viability of the yeast cells. 
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Table 2 



. ORF candidates found in Gal4-S«ndlp and Gal4-Smd3p two-hybrid 



screens. 



10 



ORF* 



SmdlP bait 



15 



YBR043C 

YDR088C 

YDR389W 

YGL202w 

YJR033c 

YKL188c 

YKL205w 

YLR440C 



Smd3p bait 

YBR1 14w 

YER029C 

YGR290w 

YHR107c 

YHR178w 

YIL139C 

YKR080w 

YLL021w 

YLR430W 

YLR433C 

YMR088c 



Cat. 

A4 7 
A3* 
A4 
A4 
Al* 
Al 
A4 
A4 



Number' 

2 
2 
1 
2 

4(2*) 
3(2) 
3 
2 



LexA 



A4 

Al 

A2* 

A4 

A4 

A4 

A4 

Al 

A4 

A4 

A4* 



17(3 &2*) 

1 

1 

1 

2 

1 

4(3) 
1 
1 
1 



Gene' 



Function 



SLU7 I pre-mRNA splicing 
SAC7 



LOS 1 pre-tRNA splicing 



RAD 16 DN A repair 



CDC 12 cytokinesis 



REV7 
MTD1 
SPA2 
SEN1 
CNA1 



DNA polymerase subunit 
NAD-dependent dehydrogenase 
cell polarity 
pre-tRNA splicing 
serine/threonine phosphatase 2B 



5 ' All yeast ORFs found in the screen are listed. 

* The categories are those denned in Figure 1. An asterisk indicates an out of frame 



fusion. 



The 



number of clones obtained is indicated with the number of independent fusions into 



brackets. 

' The result of two-hybrid assays performed with a LexA- bait fusion protem are 

presented. v n 1 

. • „o growth on -his plates; +: growth on -his plates and white colonies m a X-Gal 

assay; ++: blue His + colonies in a X-Gal assay after 3 hours incubation; blue His + 

colonies in a X-Gal assay after 1 hour incubation. 

• A gene name is given when available (YPD, Garrels, 1996). 

f The enzymatic activity or the cellular pathway are indicated when assigned. 
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Table 3. ORF candidates found in Gal4-Snplp and Gal4-Mudlp two-hybrid 



screens. 



ORF* 


Cat. 


Number 


LexA 


oene 


Cnnl n H Q i t 










YAL 047c 


A4 


j 


++ 




VT3T OA^w 


A4 






KIPl 




Al 


3 (3) 


+++ 


SSN6 


I xJxvi 1 / C 


A4 






TKL2 


VPP 1 01 r 
I L,X\. I V 1 C 


A4 




++ 






A4 




++ 


HEX3 


VTYR 1 1 0w 


A2/3 


j 


++ 




I .cKIUjC 


A4 




++ 


NUP157 




A3 




+++ 


BRR2 


VTT 01 fir 


A4 


j 




MDJ1 


VFROlQr 
i r ivi/j 7w 


A4 

Am* 


j 


+ 




VftB 9fVlu/ 
1 LTivZU J W 


A4 




+ 




I XTTvUZ. J W 


A4* 






MYOl 


I XirvvJ / 7C 


A2/3 




+++ 


IRE1 


YLR017W 


A4 




++ 




YLR153c 


A4 


J 


i r 




YLR213C 






++ 




x Lix*+jyw 


A4 




++ 


MRPL4 


YMT 016c 


A3* 


j 


++ 


PPZ1 




Al 


2(2) 


++ 






A4 




+++ 




YNL199c 


A4 


; 


+++ 


GCR2 


YNR016c 


A4 






FAS3 


YOL004W 


A3 


4 


++ 


SIN3 


YOR275c 


Al 


2(2) 


++ 




YOR346w 


Al 


2(2) 


+++ 


REV1 


YPL016w 


Al 


2(2) 


++ 


SWI1 


YPL215w 


A4 


1 


++ 


CBP3 


iMudlp bait 










YDRllOw 


A2 


1 


+++ 




YLR223c 


A4 


1 


+++ 


PvRP3 


YLR449w 


A4* 


2 


++ 




YML016c 


A4 


1 


+++ 


PPZ1 


YNL227C 


A2/3 


1 


■H- 





Function 



r 



mitotic spindle 
transcription 
transketolase 2 



nucleopore 
pre-mRNA splicing 
mitochondrial heat shock protein 



myosin heavy chain 
protein kinase 

acetyl-coA synthetase 2 

mitochondrial ribosomal protein 
serine/threonine phosphatase 



transcnption 
acetyl-coA carboxylase 
transcription 



transcnption 



pre-rRNA processing 
serine/threonine phosphatase 



5 For legends see Table 2. 
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Table 4. ORF candidates found in a Gal4-Mud2p two-hybrid screen. 




YBR172C 
YGL035C 

YLR1 16w 
YLR357w 
YML046w 
YPL016w 
YPL105c 



A2/3* 
A2 
Al 
A3 
A2/3 

Al 
Al 



41 (4 & 4*) 
1 
1 

2(2) 

9 (3 & 1*) 



+++ 



Gene' 


• — r — ' — 

Function 


SMY2 




MIG1 


transcription 


PRP39 


pre-mRNA splicing 


SWI1 


transcription 


LPG4 





For legends, see Table 2. 

Table 5. ORF candidates fonnd in a Gal4-Yir009w (yeast U2B") two-hybrid 



screen. 



ORFa 


Cat.b 


YAL024C 


A2/3 


YBR1 14w 


A4 


YBR136W 


A4 


YDLOOlw 


A4 


YDR184C 


A4 


YHR099w 


A4 


YHR197w 


A3 


YlL143c 


A2 


YJL092W 


A3 


YKL173w 


A4 


YKR099w 


A3 


YLR067c 


A2/3 


YLR433C 


A4 


YLR456w 


Al 


YNL036w 


Al 


YNL091W 


A4 


YOR01 lw 


A2 


YOR017w 


A4 


YPL016w 


A4 



Numberc 



1 
1 
2 
4 
3 
2 

1 
1 

1 

2 

1 

1 

1 



LexAd Genee 



Functionf 



LTE1 I cell cycle 
RAD 16 DN A repair 
MEC1 I cell cycle 



9(6) 

2(2) 

2 

6 

1 

1 



SSL2 

SRS2 

GIN10 

BAS1 

PET309 

CNA1 



transcription 
DNA helicase 

transcription 
mitochondrial translation 
serine/threonine phosphatase 2B 



NCE3 non-classical protein export 

PET 127 mitochondrial translation 
SWI1 transcription 



For legends, see Table 2. 
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Tabic 6. ORF candidates found in LexA-Prp9p, Gal4-Prpllp and Gal4-Prp21p 
two-hybrid screens. 



ORF* 


Cat." 1 


Number' 


LexA 


Gene 


Prp9p bait 










YCL060C 


A4* [ 


3 


nd g 




YCL061C 


A4 


1 




UCVl 


YDL013w 


A2 


2 




YDR421W 


A3 


1 






YDR485c 


Al 


5(3) 




PRP21 


YJL203w 


A4 


1 




YML049c 


A3 


2 




MDM1 


YML104C 


A4 


1 




YMR005w 


A4 


1 




MPT1 


YNR053C 


A2/3 


1 




PET 127 


YOR017w 


A2 


1 




YOR023c 


A4 


4 






YOR191W 


A4 


2 






YPL146c 


A2 


1 






Prplip Dau 










YBR113w 


A4* 


1 


+++ 




YDR131c 


A4 


1 


++ 




YDR1 80w 


A3 


1 


+ 




YDR386w 


Al 


2(2) 


++ 




YDR409w 


A4 


1 


++ 




YER113C 


A4 


4 


+++ 


TIF4632 


YGL049C 


Al 


3(2) 


+++ 


YGR162w 


A4 


1 


+++ 


TIF4631 


YJL146w 


A4 


4 


+++ 


IDS2 


YJL203w 


Al 


11(4) 


+44- 


PRP21 


YKL155C 


Al 


5(5) 


+++ 




YLL014W 


A4* 


1 


+ 




YMR117c 


Al 


2(2) 


+++ 


RNA12 


YMR302C 


A4 


2 


-H-f 


YNL023C 


A3 


1 


+++ 




YNR053C 


A2/3 


3 


+++ 


CBP3 


YPL215w 


A2 


2 


++ 



Function 



pre-mRNA splicing 



intermediate filament 



mitochondrial translation 



cytoplasmic translation 
cytoplasmic translation 

pre-mRNA splicing 



pre-rRNA processing 
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Prp21p bait 1 






UBP13 


YBL067C j 


A4 


1 




YBLlOlc 


A2* 


1 


4-4- 
j. \ 


PRP9 
PRP11 
SEC7 
STE20 


YCR081W 


A4 


1 


TT I 
4 t l 1 


YDL030w 
YDL043C 


A2 
Al 


1 

4 (1 & 3*) 


Ti T 

+++ 


YDR1 /UC 
YHL007C 


A4 
A4 


1 

3 


++ 
4-H- 


YKR090W 
YLR067C 


A4 

A2/3 


1 
2 




PET309 


YMR285c 


A2 


1 


++ 




YNR053C 


A2/3 


1 


++ 




YOL091w 
YOL136c 


A4 
A4 


1 
1 


+++ 
+++ 


PFK27 



ubiquitin carboxyl-tenninal hydrolase 

transcription 
pre-mRNA splicing 
pre-mRNA splicing 
non-clathrin vesicle coat 
serine/threonine kinase 

mitochondrial translation 



6-phosphofhictose-2-kinase 



For legends, see Table 2. 

« This assay is not relevant for Prp9p since 



the screen is made with a LexA-Prp9p fusion. 



Table 7. ORF candidates found in a GaU-Cuslp two-hybrid screen- 





Number* 


LexA 


Gene' 


Function 1 


ORF 


Cat. 


YBR112C 

YER172C 

YGL035c 

YLR090w 

YOR319w 

YPL016w 


A4 
Al 
A2 
A4 
A2 
Al 


1 

4(2) 
2 
2 
2 

2(2) 


+ 

++ 
++ 
++ 

+-H- 
++ 


SSN6 
BRR2 
MIGl 
XDJl 
HSH49 

SWIl 


transcription 
pre-mRNA splicing 
transcription 

transcription 



For legends, see Table 2. 
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Table 8. ORF candidates found in second round two-hybrid screens. 



ORF 


Cat. 


Number 




vJCIIC 


Function^ 


Yer029c bait 












YDR422c 


A3 


2 


+++ 


SIPl 


transcription 


YLR220W 


A2/3 


1 


++ 


CCC1 




YNL187W 


A2/3* 


2 


+++ 






YNR053c 


A2/3 


2 


- 






Ylr456w bait 












YER032w 


A4 


1 


4-4- 






YTL144w 




1 
1 








WTJ 0R4r 


A4 


1 


+++ 


HBS1 




vrxm acI/, 

YMKUjJC 












Ylrll6wbait 












YBR172C 


Al 


6(4) 


+++ 


SMY2 




YDL156w 


A2 




- 






YDL161w 


A4 


1 


++ 




pre-mRNA splicing 


YER013w 


A3 




++ 


PRP22 


YIL130w 


A4 


1 


++ 




clathrin-associated complex 


YJR005w 


A2/3 


1 


+4- 


YAP80 


YJR066w 


A3 




i i 


TORI 


phosphatidylinositol kinase 


YML046w 


A2* 






PRP39 


pre-mRNA splicing 


YMR065w 


A3 




■H- 




transcription 


YPL016w 


A4 


2 


++ 


SWI1 


YPL105c 


Al 


13 (3 & 5*) 


+++ 


LPG4 




Yor319w bait 












YGR056W 


A4 


1 








YHR209W 


A4 


3 


+++ 






YJR022w 


Al 


2(2) 


4""T "f" 




pre-mRNA splicing 


YMR240c 


Al 


3(2) 


-H-+ 


CUSl 



For legends, see Table 2. 
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^ • „ miind two-hvbrid screen using a Gal4- 
Table 9. ORF candidates found in a third rouna two-nyu 

Yjr022w bait 



ORF 


cat. 


YBL026w 


Al* 


YBR003w 


A4 


YCR077c 


A4* 


YDR228C 


Al 


YDR277C 


A2/3 


YEL015W 


Al* 


VPRl 12W 

I J_*Xx 1 


A2 


YGL096w 


Al 


YGL173C 


A4 


YGR158C 


A2 


YHR034c 


A4 


YHR035w 


A4 


YIL173w 


A4 


YNL050C 


A4* 


YNLH8C 


Al 


YNR050C 


A4 


YNR053c 


A2/3 


YOR076C 


A3 


YOR319w 


A2 



Number 0 
4 (1 & 2*) 

(2) 
(3*) 

(2) 



LexA | Gene' 

SNP3 
C0Q1 



0(2&3») 



MTH1 

USS1 

KEM1 
MTR3 



PSU1 
LYS9 



HSH49 



Function 



Coenzyme Q biosynthesis 



transcription 
pre-mRNA splicing 

RNA and DNA 5'-3' exonuclease 
mRNA transport 



lysine biosynthesis 



For legends, see Table 2. 
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CLAIMS 



10 



15 



20 



1 A method for selecting a polynucleotide encoding a prey polypeptide, said 
orev Polypeptide being able to interact with a bait polypeptide, comprising the steps of : 
P " Meeting I bait polynuc leotide encoding the bait polypeptide, to a two-hybnd 
screenin method, wherein said two-hybrid screening method comprises a step of matmg a 
Z ^t" e first recombinant yeast cell containing the prey polynucleotide to be assayed w*h a 

rid haploid recombinant yeast cell containing the bait polynucleotide, proved that on 
ZL yl cell among the first recombinant yeast cell or the second recombinant yeast 

I contains at least one detectable gene that is activated by a polypep.de .nc.ud.ng a 

transcriptional activation domain; 

b) seeing .be recombinant *« J- « » f " b "" **. 
defccUbte gene has been expressed «o . degree greater .ban expression in the absence of 
interaction between the bait polypeptide and the prey polypeptide; and 

c) optionally charactenzing the pre, polynucleotide contained . each drplord yeas, 

C, a. £ ^ — Kdaimh ^ axvm ^ « ^ once 

steps a) to 0 with tire previously eharacten«d prey polynucleotide used a, the ban 
po^^otide. ^ 2 ^ ^ numbH rf rtfMS of „ 

t0 c) with tbe previously charaoteriaed prey po.ynuc,eotide used as the bait po,ynucleo«de ,s 

£. u.in nrpferablv from 1 to 5 and most preferably 3. 
ta te ^ , o ctaim l M m ^eotide «d tba, 

corresponds to a selected prey belongs to the following group of polynudeotide constsung 



25 in : 



30 



a ^ a polynucleotide that is identical to said selected prey polynucleotide; 
b ) a polynucleotide containing the complete ORF including said selected prey 

polynucleotide^ ^ . ^ fr ^ fa the 

complete ORF including said selected prey polynucleotide. 

5. The method according to claim 1, wherein the mating step » performed on a 

method according to claim 5, wherein the mating step is performed 



6. The 



35 



fcring « — „ dajm 5 , whHem .be efflcienc, value of the ntating 



step is up to 50%. 
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8. The method according to claim 1, wherein the detectable gene is LacZ, HIS3 

or both LacZ and HIS3 . 

9. The method according to claim 1, wherein the prey polynucleotide is 

contained within the plasmid pACTHst. 
5 10. The method according to claim 1, wherein the bait polynucleotide is 

contained within the plasmid pAS2AA. 

11. The method according to claim 1, wherein the prey polynucleotide is 

provided by a DNA library. 

12. The method according to claim 11, wherein the DNA library has been 
10 prepared from the genome or from the mRNA of a prokaryotic host organism. 

13. The method according to claim 11, wherein the DNA library has been 
prepared from the genome or from the mRNA of a eukaryotic host organism. 

14. The method according to claim 13, wherein the DNA library has been 
prepared from the genomic DNA of Saccharomyces cerevisiae. 

15 15 The method according to claim 14 wherein the DNA library is the FRYL 

library contained in the collection of recombinant E. coli strain MR32 cells that have been 
deposited at the Collection Nationale de Culture de Microorganismes (C.N.C.M) on 
December 2 1 , 1 995 under the access number I- 1 65 1 . 

16. The method according to claim 1 , wherein the prey polynucleotide selected at 
20 step b) is classified within one of the following prey polynucleotide classes : 

a) a polynucleotide contained in an intergenic region or on the reverse 
orientation of an ORF contained in the genome of the organism from which the initial DNA 

library has been prepared (B); 

b) a polynucleotide selected several times and contained in different clones of 

25 the initial DNA library (Al); 

c) a polynucleotide selected only once and having a 5' end of the coding strand 
starting close to an initiation codon of an ORF contained in the genome of the organism 
from which the initial DNA library has been prepared (A2); 

d) a polynucleotide selected only once and having a nucleotide length of at least 

30 1000 bases (A3); 

e) a polynucleotide selected only once and having characteristics different from 

the polynucleotides of the a), b), c) and d) classes (A4). 

1 7. The recombinant plasmid pACTHst 

18. The recombinant plasmid pAS2AA. 

35 19. A recombinant host organism containing the recombinant plasmid pACTHst. 

20. A recombinant host organism containing the recombinant plasmid pAS2AA. 
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10 



15 



20 



25 



30 



21. The recombinant host organism according to claim 19 or 20, which is chosen 
among the group consisting in a E. coli and a yeast cell. 

22 A collection of recombinant cell clones from a host organism according to 
claim 19 each different cell clone containing an inserted polynucleotide from a DNA library. 

23 The collection of recombinant cell clones according to claim 22, wherein the 
DNA library is prepared from the genomic DNA of Saccharomyces cerevisiae. 

24. The collection of recombinant cell clones according to claim 23, wherem the 

number of different cell clones is about 1 5 x 10*. 

25 The collection of recombinant cell clones according to claim 24, which is the 
FRYL library contained in the collection of recombinant E. coli strain MR32 cells that have 
been deposited at the Collection Nationale de Culture de Microorganismes (C.N.C.M.) on 
December 21, 1995 under the access number 1-1651. 

26 A recombinant diploid yeast cell selected by the method according to claim 1 . 

27 A polynucleotide that has been selected with the method according claim 1 

28 A polypeptide that is encoded by a polynucleotide according to claim 27. 

29. A kit for selecting at least one polypeptide of interest belonging to 
Saccharomyces cerevisiae, wherein said kit comprises : 

a) at least one complete collection of yeast cell clones containing the whole 
polynucleotide inserts representative of the genome from a prokaryotic or eukaryotic 
organism having a compact genome; 

b) optionally the plasmid pAS2AA; 
C ) optionally the plasmid pACTHst; 

d) optionally, a haploid yeast cell to be transformed with a plasmid contammg a 

bait polynucleotide of interest; and 

e) optionally, the reagents necessary to visualize the expression of at least one 

detectable gene, such as X-Gal. 

30. A kit according to claim 29, wherein the genomic DNA library is the FRYL 

Ubraiy ' 3 1 A computer useable medium containing computer readable data related to the 
interactions between at least one bait polypeptide and at least one prey polypeptide encoded 
at least in part by a prey polynucleotide that has been selected with the method according to 

claim 1. 



WO 99/42612 



1/9 



PCT/IB99/00323 



200 bp 



♦ ATG 



♦ ATG 



♦ ATG 

.Lin 



Stop 

H 



Stop 

d 



Stop 



Stop 



Al £ £ 



1 3 



share a common region 



A2 




A3 



c 

o 

3 
0) 

c 
o 



A4 



insert starts close to the 
initiation codon 
(underrepresentation expected) 



large coding insert 
(underrepresentation expected) 



not in A2 and A3 categories 



♦ ATG 



Stop 




B 



intergenic region, antisense 
strand, non protein encoding DNA 



FIGURE 1 



SUBSTITUTE SHEET (RULE 26) 



WO 99/42612 



2/9 



PCT/1B99/00323 



CGI 945 Mat a 
containing the 
bait plasmid 



Yl 87 Mat a 
containing the 
FRYL library 



2nd round 
screen 



prey 
cloned into 
pAS2AA bait 
plasmid 



\ / 



mating on 
filters 



cells collected and 
directly plated on -LWH 



selection of His* diploids 



X-Gal overlay 
selection of LacZ+ colonies 



Identification by sequence 
and classification of all 
candidates 




FIGURE 2 



SUBSTITUTE SHEET {RULE 26) 



WO 99/42612 



3/9 



PCT/1B99/00323 



1 2 3 4 5 6 7 8 




9 10 11 12 13 14 15 16 



97 — 




14 




FIGURE 3 



SUBSTITUTE SHEET {RULE 26) 



WO 99/42612 





PCT/1B99/00323 



4/9 



Number of clones 



Smdlp 
Smd3p 
SnplppJI 

Mudlp 



Mud2p 



Yir009w 
Prp21p 

Prpllp 

Prp9p 
Cuslp 



Yer029c 



Ylrll6w 



Ylr456w 



Yor319w 



Yjr022w 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42612 



5/9 



PCT/IB99/00323 




51- 

55 



-24- 

-19 



21 



38 



150 i 



113 



1 Mud2p 
J screen J 



Ylrll6w 
screen 



Smy2p/Ybrl72c 



Lpg4p/Ypll05c 



i 262 



268 



♦ •1 



•277 



427 



♦ •I 



350 



Mud2p 
screen 



> 



Ylxll6w 
screen 



140 



FIGURE 5A 




FIGURE 5B 

SUBSTITUTE SHEET (RULE 26) 



WO 99/42612 





PCT/IB99/00323 



6/9 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42612 



7/9 



PCT/1B99/00323 



pAS2AA MAP 



Beg I 6758 
Sea I 6720 



267 Nsil 
287 PpulOI 



Bpml 6327 



AKvN 
5760 



Sap I 5226 



Pst I 4776 
Sail 4770 

BamH t 

47^oa I 4759 
Smal 4759 
Sty I 4749 
Ncol 4749 
Dsal 4749 
Sfil 4747 
Msc I 4746 
Hpa I 4570 




1285 Xcml 



1748 BspEl 
1641 Pmll 



2124 B$a36l 
2174 BsiXI 



BstB I 4026 

BsaB I 3797 



2986 NgoM 
3289 Nml 
3293 EcJ1361 
3293 Sac I 
3384 Mlul 
3465 PpuM I 



oligo 89 



Sfi I 
Nco I 

I I 



3a--=H I Ps 
Smal Sal I 



Hownranraacaaaactck AAGACAGTTGACTGTATCGCCGGAATTTATGGCCATGGA^CCCCGGGGftT^^CGAC^ 
XcccaccattgtCCCcaffTTTCTGTCAACTGACATAGCGGCCTTAAATACCGuTACCTCCGuuMCwi.wiA&jCr.u^. 



TGCAGeCAAGCTAAT Tccgggcgaatctcccacg 
ACGTCGGTTCGATTA ^gcccgctEaaagaacaq 

oligo 163 



FIGURE 7 



SUBSTfTLfTE SHEET (RULE 26) 



WO 99/42612 




PCT/IB99/00323 



pAcrnst map 



Bel I 7932 
Spa! 7917 



377 3$«H I 
435 Sea 



Xba I 7533 



SnaBt 7194 



846 Bsa l 
913 EamllOS 



Hpa i 6552 



Nrul 6146 
Bpu1102l 6111 - 



BstE M 5622 
Qal 5506 
BspDI 5506 
Age 1 5407 




1392 AiwNI 



- 1928 Sap I 

2059 TtMU I 
~- 2157 BsmBI 



EcoRV 4909 

B$p1407 I 4536 



Dralll 4092 



2575 asg I 

2764 Rsr II 
2934 Mlu 1 

3094 SM 
3096 Nco I 
3106 Smal 
3106 Xmal 
3111 BaroH! 
3117 EcoRI 
3123 Ban II 
3123 Ed136l 
3123 Sad 
3143 Patfl7l 
3143 Xhol 



OL1GO 5i 



OLIGO)C90 

AAT ACCnCT AC AATGG ATGA7CTAT ATAACT^TCT ATI^ oa t aa cca aca t ft 



gcgcaaaccttagtgacgcccccacAAATiAi^ 



Bgl II 

I 



OLIGOMFRl 



Sill 
I 



I _J — ^.^««rn« rlcxCATTACGCTAGCTTGGGTGGTCATATC 



Xna I 

Sna I Ba--sH I 



Xho 
I 



3gi II 



Wco I Sna I BariH I Sad • * ^ 

I 1 1 ' . f^rcACTAGCTAGCTGACTCGAGAGATCTATGAATcgca^a^a^cga^a 



CGGTACCTCCGGGGCCCCT^ 



OLIGO 162 



1 ^ OLICO 33 



FIGURE 8 

SUBSTITUTE SHEET (RULE 26) 



WO 99/42612 



PCT/1B99/00323 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42612 





PCT/1B99/00323 



1 



SEQUENCE LISTING 



<110> Institut Pasteur 



< 12 0> FAST AND — 

POLYPEPTIDE JHMWCma VOT A -UB^ Q? ^ , 



INTEREST, norn— -- 

INTERACTORS POLYPEPTIDES 



<130> 03495-0164 

<140> 09/025,151 
<141> 1998-02-18 



<160> 29 

<170> Patentln Ver. 2.0 



<210> 1 

<211>25 

<212>DNA 

<213> Saccharomyces cerevisjae 
<400> 1 

cgcgtttgga atcactacag ggatg 

<210> 2 
<211> 25 
<212>DNA 

<213> Saccharomyces cerevisiae 
<400>2 

gaaattgaga tggtgcacga tgcac 

<210>3 

<211> 20 
<212>DNA 

<213> Saccharomyces cerevisiae 
<400>3 

ggcttaccca tacgatgttc 

<210> 4 

<211> 16 
<212>DNA 

<213> Saccharomyces cerevisiae 
<400> 4 
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atcccggacg aaggcc 

<210> 5 
<211> 13 
<212> DNA 

<213> Saccharomyces cerevisiae 

<400>5 
ggccttcgtc egg 

<210> 6 
<211> 79 
<212>PRT 

<213> Saccharomyces cerevisiae 
<400> 6 

Met Leu Gin His He Asp Tyr Arg Met Arg Gys He Leu Gin Asp Gly 
1 5 10 15 

Are He Phe He Gly Thr Phe Lys Ala Phe Asp Lys His Met Asn Leu 
20 25 30 

He Leu Cys Asp Cys Asp Glu Phe Arg Lys He Lys Pro Lys Asn Ser 
35 40 45 

Lys Gin Ala Glu Arg Glu Glu Lys Arg Val Leu Gly Leu Val Leu Leu 
50 55 60 

Arg Gly Glu Asn Leu Val Ser Met Thr Val Glu Gly Pro Pro Pro 
65 70 75 

<210>7 
<211> 79 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 7 

Leu Ala Asn Leu He Asp Tyr Lys Leu Arg Val Leu Thr Gin Asp Gly 
1 5 10 15 

Are Val Tyr lie Gly Gin Leu Met Ala Phe Asp Lys His Met Asn Leu 
20 25 30 

Val Leu Asn Glu Cys He Glu Glu Arg Val Pro Lys Thr Gin Leu Asp 

35 40 45 

Lys Leu Arg Pro Arg Lys Asp Ser Lys Asp Leu Gly Leu Thr He Leu 
50 55 60 



16 



13 
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3 



A* Gly Glu Gin lie Leu Ser Thr Val Val Glu Asp Lys Pro Leu 
6 nn 75 



65 70 



<210> 8 
<211> 74 
<212>PRT 

<213> Saccharomyces cerevisiae 



Val Ser Ser Val Asp Arg Lys lie Phe Val Leu Leu Arg Asp Gly 



<400>8 

B..— -. 5 - 



A,g Me. Leu Phe Gly Val Leu Arg Thr Phe Asp Gin Tyr Ala Asn Leu 
20 25 

He Leu Gin Asp Cys Val Glu Arg lie Tyr Phe Ser Glu Glu Asn Lys 

35 40 4 

Tyr Ala Glu Glu Asp Arg Gly He Phe Met lie Arg Gly Glu Asn Val 
50 55 

Val Met Leu Gly Glu Val Asp He Asp Lys 
65 70 

<210>9 
<211> 69 
<212>PRT 

<213> Saccharomyces cerevisiae 

£52 Lys Leu Ser Hie Glu Thr Val Tta He Glu Uu Lys A. Gl, 

Thr Gin Val His Gly Thr He Thr Gty Val Asp Val Ser Met Asn Thr 
20 25 

His Leu Lys Ala Val Lys Met Thr Leu Lys Asn Arg Glu Pro Val Gin 
35 40 

Leu Glu Thr Leu Ser lie Arg Gly Asn Asn lie Arg Tyr Phe He Leu 
50 55 60 

Pro Asp Ser Leu Pro 
65 

<210> 10 
<211> 79 
<212> PRT 
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4 



<213> Saccharomyces cerevisiae 
<400> 10 

Leu Lys Lys Leu Arg Asn Glu Gin Val Thr lie Glu Leu Lys Asn Gly 
j 5 10 15 

Thr Thr Val Trp Gly Thr Leu Gin Ser Val Ser Pro Gin Met Asn Ala 
20 25 30 

n e Uu Thr Asp Val Lys Leu Thr Leu Pro Gin Pro Arg Leu Asn Lys 
35 40 45 

Leu Asn Ser Asn Gly He Ala Met Ala Ser Leu Gin Tyr lie Asn He 
50 55 60 

Arg Gly Asn Thr He Arg Gin He He Leu Pro Asp Ser Leu Asn 
65 70 75 

<210> 11 
<211> 71 
<212> PRT 

<213> Saccharomyces cerevisiae 

<400>11 k 4 

Phe Lvs Thr Leu Val Asp Gin Glu Val Val Val Glu Leu Lys Asn Asp 
1 5 10 15 

lie Glu He Lys Gly Thr Leu Gin Ser Val Asp Gin Phe Leu Asn Leu 
20 25 30 

Lys Leu Asp Asn He Ser Cys Thr Asp Glu Lys Lys Tyr Pro His Leu 
35 40 45 

Gly Ser Val Arg Asn He Phe He Arg Gly Ser Thr Val Arg Tyr Val 
50 55 60 

Tyr Leu Asn Lys Asn Met Val 
65 70 

<210> 12 
<211> 79 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 12 

Gin Ser Val Lys Asn Asn Thr Gin Val Leu He Asn Cys Arg Asn Asn 
1 5 10 15 
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Lys Lys Leu Leu Gly Arg Val Lys Ala Phe Asp Arg His Cys Asn Met 

20 25 

Val Leu Glu Asn Val Lys Glu Met Trp Thr Glu Val Pro Lys Ser Gly 
3 5 

Lys Gly Lys Lys Lys Ser Lys Pro Val Asn He Ser Lys Met Phe Leu 

Atr Gly Asp Ser Val He Val Val Leu Arg Asn Pro Leu lie Ala 
' nr\ 75 



<210> 13 
<211> 75 
<212>PRT 

<213> Saccharomyces cerevisiae 
<400> 13 



AspAla Met Val Thr Arg Thr Pro Val lie He Ser Leu Arg Asn Asn 
1 5 



His Lys lie lie Ala Arg Val Lys Ala Phe Asp Arg His Cys Asn Met 
20 25 

Val Leu Glu Asn Val Lys Glu Leu Trp Thr Glu Lys Lys Gly Lys Asn 
35 40 

Val He Asn Arg Glu Arg Phe He Ser Lys Leu Phe Leu Arg Gly Asp 
50 55 60 

Ser Val He Val Val Leu Lys Thr Pro Val Glu 
65 



70 75 



<210> 14 
<21 1> 76 
<212>PRT 

<213> Saccharomyces cerevisiae 



A*. Leu Asp Glu Asg Vd Tyr fe Lys U» Asg Gly Ah 



1 



Arg Thr Leu Val Gly Thr Leu Gin Ala Phe Asp Ser His Cys Asn He 

25 



20 



Val Leu Ser Asp Ala Val Glu Thr He Tyr Gin Leu Asn Asn Glu Glu 

_ _ A(i "«/ 



35 40 
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Leu Ser Glu Ser Glu Arg Arg Cys Glu Met Val Phe lie Arg Gly Asp 
50 55 60 

Thr Val Thr Leu He Ser Thr Pro Ser Glu Asp Asp 
65 70 75 

<210> 15 
<211> 69 
<212>PRT 

<213> Saccharomyces cerevisiae 

<400> 15 m „, 

Leu His Glu Ala Glu Gly His He Val Thr Cys Glu Thr Asn Thr Gly 

1 5 10 15 

Glu Val Tyr Arg Gly Lys Uu Thr Glu Ala Glu Asp Asn Met Asn Cys 
20 25 30 

Gin Met Ser Asn He Thr Val Thr Tyr Arg Asp Gly Arg Val Ala Gin 
35 40 45 

Leu Glu Gin Val Tyr lie Arg Gly Ser Lys He Arg Phe Leu He Leu 
50 55 60 

Pro Asp Met Leu Lys 
65 

<210> 16 
<21 1> 69 
<212>PRT 

<213> Saccharomyces cerevisiae 

<400>16 _ _ 

Leu Asn Glu Ala Gin Gly His He Val Ser Leu Glu Leu Thr Thr Gly 
1 5 10 15 

Ala Thr Tyr Arg Gly Lys Leu Val Glu Ser Glu Asp Ser Met Asn Val 
20 25 30 



Gin Leu Arg Asp Val He Ala Thr Glu Pro On Gly Ala Val Thr His 
35 40 45 

Met Asp Gin He Phe Val Arg Gly Ser Gin He Lys Phe He Val Val 
50 55 60 
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Pro Asp Leu Leu Lys 
65 

<210> 17 

<211> 80 
<212>PRT 

<213> Saccharomyces cerevisiae 



<400> 17 
Leu 



?h! L Ala Lys Gly Gin Gin Met Gin He Glu Leu Lys Asn Gly 
! 5 10 

Glu ne lie Gin Gly He Leu Thr Asn Val Asp Asn Trp Met Asn Uu 

20 25 
Thr Uu Ser Asn Val Thr Glu Tyr Ser Glu Glu Ser Ala He Asn Ser 

Glu Asp Asn Ala Glu Ser Ser Lys Ala Val Lys Leu Asn Glu lie Tyr 

50 55 
lie Arg Gly Thr Phe lie Lys Phe lie Lys Leu Gin Asp Asn lie lie 
65 70 75 

<210> 18 
<211> 68 
<212>PRT 

<213> Saccharomyces cerevisiae 

<400>18 T G1 Gln Va i fen 

Leu Gin Asn Arg Ser Arg He Gin Val Trp Leu iyru 

1 5 
Met Arg He Glu Gly Cys He He Gly Phe Asp Glu Tyr Met Asn Lou 
20 25 

Val Leu Asp Asp Ala Glu Glu He His Ser Lys Thr Lys Ser Arg Lys 
35 40 

Gin Leu Gly Arg He Met Leu Lys Gly Asp Asn He Thr Leu Leu Gin 



50 

Ser Val Ser Asn 

65 



55 



<210> 19 
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8 



<211>74 
<212>PRT 

<213> Saccharomyces cerevisiae 
<400> 19 

Leu Gin Gin Gin Thr Pro Val Thr De Trp Leu Phe Glu Gin lie Gly 
1 5 10 15 

He Are He Lys Gly Lys He Val Gly Phe Asp Glu Phe Met Asn Val 
20 25 30 

Val He Asp Glu Ala Val Glu He Pro Val Asn Ser Ala Asp Gly Lys 
35 40 45 

Glu Asp Val Glu Lys Gly Thr Pro Leu Gly Lys He Leu Leu Lys Gly 
50 55 60 

Asp Asn lie Thr Leu He Thr Ser Ala Asp 
65 70 

<210> 20 
<211> 77 
<212> PRT 

<213> Saccharomyces cerevisiae 

<400> 20 _ B 

He Asp Lys Thr He Asn Gin Lys Val Leu lie Val Leu Gin Ser Asn 
15 10 15 

Are Glu Phe Glu Gly Thr Leu Val Gly Phe Asp Asp Phe Val Asn Val 
20 25 30 

lie Leu Glu Asp Ala Val Glu Trp Leu He Asp Pro Glu Asp Glu Ser 
35 40 45 

Are Asn Glu Lys Val Met Gin His His Gly Arg Met Leu Leu Ser Gly 
50 55 60 



Asn Asn lie Ala He Leu Val Pro Gly Gly Lys Lys Thr 
65 70 75 

<210> 21 
<211> 70 
<212>PRT 

<213> Saccharomyces cerevisiae 
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U^nGly Leu Thr Gly Lys Pro Val Met Val Lys Leu Lys Trp Gly 
1 5 10 

Met Glu Tyr Lys Gly Tyr Leu Val Ser Val Asp Gly Tyr Met Asn Met 
20 25 

Gin Leu Ala Asn Thr Glu Glu Tyr lie Asp Gly Ala L«u Ser Gly His 
35 40 45 

Leu Gly Glu Val Leu He Arg Cys Asn Asn Val Leu Tyr lie Arg Gly 
50 55 

Val Glu Glu Glu Glu Glu 
65 70 

<210> 22 
<211> 68 
<212> PRT 

<213> Saccharomyces cerevisiae 

^foiy Leu ™ Asn His A* V.. Gly VU Lys Leu Lys Phe Asn 



1 



5 



Ser Thr Glu Tyr Arg Gly Thr Leu Val Ser Thr Asp Asn Tyr Phe Asn 



20 



Leu Gin Leu Asn Glu Ala Glu Glu Phe Val Ala Gly Val Ser His Gly 

_ — All "J 



35 40 



Thr Leu Gly Glu He Phe He Arg Cys Asn Asn Val Leu Tyr lie Arg 
50 



55 60 



Glu Leu Pro Asn 
65 

<210> 23 

<211> 71 
<212>PRT 

<213> Saccharomyces cerevisiae 



<400>23 
Leu 



Ser Asp He He Gly Lys Thr Val Asn Val Lys Leu Ala Ser Gly 
! 5 10 

Leu Leu Tyr Ser Gly Arg Leu Glu Ser He Asp Gly Phe Met Asn Val 
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10 



20 25 30 

Ala Leu Ser Ser Ala Thr Glu His Tyr Glu Ser Asn Asn Asn Lys Leu 
35 40 45 

Leu Asn Lys Phe Asn Ser Asp Val Phe Leu Arg Qy Thr Gin Val Met 
50 55 60 

Tyr lie Ser Glu Gin Lys He 
65 70 



<210> 24 
<211> 68 
<212>PRT 

<213> Saccharomyces cerevisiae 
<400> 24 

Leu Lys Lys Phe Met Asp Lys Lys Leu Ser Leu Lys Leu Asn Gly Gly 
1 5 10 15 

Are His Val Gin Gly He Leu Arg Gly Phe Asp Pro Phe Met Asn Leu 
20 25 30 

Val He Asp Glu Cys Val Glu Met Ala Thr Ser Gly Gin Gin Asn Asn 
35 40 45 

He Gly Met Val Val He Arg Gly Asn Ser He He Met Leu Glu Ala 
50 55 60 

Leu Glu Arg Val 
65 

<210>25 
<211>71 
<212>PRT 

<213> Saccharomyces cerevisiae 
<400> 25 

Leu Lys Lys Tyr Met Asp Lys Lys He Leu Leu Asn lie Asn Gly Ser 
15 10 15 

Are Lvs Val Ala Gly He Leu Arg Gly Tyr Asp He Phe Leu Asn Val 
20 25 30 

Val Leu Asp Asp Ala Met Glu He Asn Gly Glu Asp Pro Ala Asn Asn 
35 ' 40 45 
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11 

His Gin Leu Gly Leu Gin Thr Val lie Arg Gly Asn Ser De He Ser 
50 55 60 

Leu Glu Ala Leu Asp Ala lie 
65 70 

<210> 26 
<211> 81 
<212>PRT 

<213> Saccharomyces cerevisiae 

Lys Tyr Lys Asp Ser Lys lie Arg Val Lys Leu Met Gly Gly 
1 5 10 15 

Lvs Leu Val He Gly Val Leu Lys Gly Tyr Asp Gin Leu Met Asn Leu 
20 25 30 

Val Leu Asp Asp Thr Val Glu Tyr Met Ser Asn Pro Asp Asp Glu Asn 
35 40 45 

Asn Thr Glu Leu He Ser Lys Asn Ala Arg Lys Leu Gly Leu Thr Val 
50 55 60 

He Arg Gly Thr lie Leu Val Ser Leu Ser Ser Ala Glu Gly Ser Asp 
65 70 75 80 

Val 



<210>27 

<21 1> 67 
<212>PRT 

<213> Saccharomyces cerevisiae 



<400> 27 

Leu Lys Asp Tyr Leu Asn Lys Arg Val Val He He Lys Val Asp Gly 
1 5 10 15 

Glu Cys Leu He Ala Ser Leu Asn Gly Phe Asp Lys Asn Thr Asn Leu 
20 25 30 

Phe He Thr Asn Val Phe Asn Arg He Ser Lys Glu Phe He Cys Lys 
35 40 45 

Ala Gin Leu Leu Arg Gly Ser Glu He Ala Leu Val Gly Leu He Asp 
50 55 60 
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12 



Ala Glu Asn 
65 



<210> 28 
<211> 114 
<212>DNA 

<213> Saccharorayces cerevisiae 



<400> 28 

gagagtagta acaaaggtca aagacagttg actgtatcgc cggaatttat ggccatggag 
gccccgggga tccgtcgacc tgcagccaag ctaattccgg gcgaatttct tatg 

<210>29 

<211>288 

<212>DNA 

<213> Saccharomyces cerevisiae 



<400>29 

cgcgtttgga atcactacag ggatgtttaa taccactaca atggatgatg tatataacta 
tctattcgat gatgaagata ccccaccaaa cccaaaaaaa gagatctgta tggcttaccc 
atacgatgtt ccagattacg ctagcttggg tggtcatatg gccatggagg ccccggggat 
ccgaattcga gctcgactag ctagctgact cgagagatct atgaatcgta gatactgaaa 
aaccccgcaa gttcacttca actgtgcatc gtgcaccatc tcaatttc 



60 

120 

180 

240 
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